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| ABSTRACT

This report discusses the state-of-the-art of numerical cantrolled
manufacturing technology, as reflected by currcnt literature und research.
Standardization of nachine lanquages and computer software are identified
as areas of major iwportahce. The incompatability of postprocessors was
found to be a significant mvublem. The research of Brédford H. Smith in
the standardization of postprocessors is identified as an iﬁportant contri-
bution to the efficient use of numerical controlled machine tools. Little
research or literature on numerical controlled tooling, or its standardiza-
I tion; was lncated. Direct numerical contral and computer numerical control

are defined, and their impact on numerical control noted. An example of

# successful work exchang2 is cited, however, the'lack of standardization of
postprocessors is identified as a deterrent to effective work exchange.
On Tine, interactive computer based information retrieval systems weve used,

and the results are reported
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Chapter 1

Introduction

Rursmical Sontrol (KC) Technoloay deals with the control of process
wtion or action by nurerically coded instructions. Applied to manufacturing,
HC cormands interface a machine through electric or hydraulic drive systeirs.
The technnlogy, born of federally sponsored rescarch, has spread ¢o all
scctors-of nanufacturing. The federal inventory is 1700 machines, valued at
$350 million (1)* with 613 (2) in the Department of Defense.

This report examines the current state-of-the-art of Humarical Control
Manufacturing Technology, cmphasizing cfforts to standardize tooling and
software. The report is based on an extensive search and rgyiew of the

literature, and personal conversations with two rescarchers in the field.

* Humbers in parenthesis designate footnotes at the end of the paper.




Chapter 11
‘ The Current Application of

Humerical Control Finufacturing

The manufacturing arca best suited for luacricol Control Manufacturing
Technology is metal cutting and reroval; the primary reasous being twofold.
First, metdl removal technnlcgy Is already a well enyincered science with
proven tools in operation. Fitting currcnt machines ahd technology with
numerical control has not been a difficult operation. Swecond, a large part
of past ahd current research in computer applications focuses on metal re-
moval operations. Results of this research have led to greater machine capa-
bilities. H. R. Pinter of IBM Corporation reported that NC “eliminates the
previous restriction of engineering design to the straight lines and cirvcles
o required by conventional machines. The new techniques have dee almost any R
5 geometric shape possible (3)."

Two other areas are receiving considerable attention in research and
industry; they are the application of NC methods in enginecring design and
drawing, Both of thcse fields interface with the inclusive field of Computer
Aided Manufacturing (CAY).

A brief review of several characteristics ef Numerical Cuntrglled Machine
Tools (HCMT) will allow a summary of the processes they serve best. Changing
! » “a machine tool to MC does not increase its horsepower. Althouch reduced tool
chatter is a capabtlity of some NC machines, ths allowing higher cutting

speeds, the metal removal rate is generally unchanged.
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Given a siople operation, 3 part will Le more economically produced on
an autoratic wachime, vathor than by NCIT. Specialized automitic machinery
with self-contained transport systems provide the highest possible production
rates. khen the volura is reduced, the nwiber of operations increased, or
the complexity increased, the advantage shifts to.NC. Reduced voluae means
the unit cost of the autumatic part transfer apparatus is increased. The NC
machine often has the ability to perform many operations from the same initial
set up. As the geometry becomes more complex, HC may be the only feasible
manufacturing method.

Most references indicated that, on an econemic basis, HC is best applied
to small batch prndgction parts. NC works well on complex parts, which often
have small demand and require multiple cutting operations. A singlc setup, as
opposed to multiple assemblyline setups, is less likely te &amage the expen-
sive part, therefore, scrap cost with NC is reduced. Lower‘volumes do not )
Justify expensive au.omatic transfer apparatus of automatic type manufacturing
The flexibility of NC allows many different parts to be pruduced by a single
machine, as the demand arises. Thus NC characteristically has a higher
utilization rate than an automatic machine, whicﬁ must remain idie when its'
single product is not in production.

One reference indicated the trend to Timit NC Tot size may have gone too

. far. According to Richard M. Penn of Moog, Inc., "The ideal lot size is

~

nsually said to range from 20 to 500 pieces with an annual producc¢ion of 100
to 5,000 pieces. Guided by this ruie-of-thumb, when a manufacturing manager
must produce quantities from 5,000 to 100,000 his first reaction frequently
is to choose  a special-purpose, high-production machine. But this rule-of-

thumb is highly iqacéurate and can result in lost profitability (4)."




Hr. Punn points cut that preper use of break-even analysis, with proper con-
sideration of economies of scale for adiditinnal NC machine centers, learning
curve contributions, and reduced to61 wesign and setup aliow for higher than
expected let sizes for IC.

Cincinnati Wilecron, Inc., has built a $1.25 million Cowputer lumerical
Control (CNC) Munufacturing Center to “mact the needs to [sic] manufacturing
concerns where production rates are too high for standﬁvd HC and too low for
expensive. transfer lines (5)."

The key to HC manufacturing applications is flexibility. Rather than

retooling, the manufacturer is afforded the option of reprogramming.
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Chapter J11

Standardization of Tooling

A review of current research and literature reflected a minimal interest
in the standardization of tooling in numerical contvolled machinery.

The I11inois Institute of Technoloqy Research Institute published a
report of rescarch on Cosputer Aided Desian and Computer Aided Manufacturing
in February, 1974. The report summarized the scope of 279 ongoing projects
in the United States, Europe, and Japan. Only four of the projects dealt
with machine tools, and of these, only one considered tool standardiza-
tion (65.

A manual search of the National Technical Information Service tulletins
from January, 1974 to llarch, 1976 revealed no reports on tool standards, and
two reports on HCHT. Two separate literature searches were conducted by the
Texas A& University Automated Information Retrieval Service. A combined
total of three references were generated on tool standards out of a total of
1445 on HCMT, and 3369 on Standardization.

The implication of the literature search on HCMT was that Tittle research
on tool standardization has been conducted. However, R. C. Love, a tooling
specialist of Kennametal, Inc. wrote positively on the subject in July, 1972.
According to Hr. Love, "A big plus now is tool standardization. As more HC
machines enter a plant, tool standardization becomes a vital part of the
modernization. It means finding the fewest types of tco]s‘that will do the
most jobs on as many NC machines as possible. By standardizing, he can cut
the cost’of initial and backup tooling, reduce in-house tool inventory, and

achieve interchangeability of tooling between machines (7)." Thomas R. King
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agrees with this argesnt, but says it 15 not haprening in practice. ¥Hriting
in March, 1976, Mr. Fing reasons that technological advancemonts have been so
ropid and drastic, that user corpanies have found it rore cconnmical to pur-~
chase the latest available, rather than duplicate, machinery (8).

Group technolegy is a related field which pronises to aid proponents of
standardization in both tooling and software. Rqﬁcrt F. Guise, Jr. of lanu-
facturing Cata Systems, Inc. has igentified the underlying principle of Group
Technology as bringing "together into families those parts that have identical
or closely similar physical characteristics or features (9)." Prior to adopting
the name Group Technology, David A. Price, also of MDSI, had identified its
benefits under the synonymous name of Family of Parts Programming. By group-
ing similar parts in the same parts program, all parts from the simplist to
the most complex in a Family could be produced by the same program. Using
this technique in 1974, MDSI, Inc., with their proprictary machine language,
Compact Il, was adble to produce 5,800 different motor shaft configurations
from a single basic program (10).

Further investigation at the manufacturer level will be required to
determine standardization efforts. A good start{ng point would be the tool
changer and tool holder on HC Hachine Centers. Substantial savings could

result especially in spare tool inventories, if identical cutting tools were

interchangeable between machines of different manufacturers.

-




Chapter 1V

Standardization of Softvare

1. Languages

Humerical Control lanquages in use in 1976 nurberad GO at the miniowm (12),
a considerable increase frem the minimum number of 33 in use in 1970 (13). A
brief history of Nurarical Control will identify some ;easons for the large
nunber of languages, and some difficulties in their standardization.

The Automatic Programiad Tool (APT) languaga, developad under Air Force
sponsorship at the Servomachanism Laboratory of Massachusctts Ihstitute of
Technology in 1952, was the first NC language. The initial rudimentary
version was revised by members of the Aerospace Industries Association (ATA},
under sponsorship of M.1.T., in 1957. I11inois Institute of Technology Research
Institute assumed full responsibili;y for the development of APT in 1961.

The first industrial appiication of IC was on complex and expensive
aircraft part milling machines. As smaller users entered the field, many
special purpose langueyes were developed to satisfy less complex machining
requirements. The proliferation of specialized techniques and vocabulary
words which followed complicated 1atgr efforts to standardize the industry.
"When NC tools were first installed in the aerospace industries,bétween 1958
and 1960, it was almost impossible to make tapes that ran tools (14) "

The industry had its first standard in the Electronics Industries
Associaticn (EIA) convention on one-inch paper tape te drive the machines.
"Hithout the EIA standards on one-inch punched tape and codes used there
on, NC would not be where it is today (15)." EIA and the Acrospace

Industries Association fo)lowed with several more standards, and the EIA

- continues to monitor NC st ndards through committee TR-31.
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“In 1663 the Businens Egaiprant Manufectwsr's Ancociation (PLIA)
sponsored the formation of an Aeoricon National Standard Ieetitute {ANSI)
subeemmitice for the purpose of creating a pruposed stanca, 8 for the A0V
language.  This conmittee was designated X307 (16)."  “The prime objective
of X7 is to produce a standard for the APT lanquane which will prouate the
intarchangeability of processing APT part proqrens on a wide variety of com-
puters. The secondary objective is to promots and maintain the produced
standard at a level the HC coamunity will accept as an industry standard and
adhere to (17)."

The APT standard is one of mamy voluntary industry standavds set by con-
sensus agreerant of nomber parties. “There are now sore 20,000 voluntary
standards enforced which have been created by more than 400 organizations...
(18)." '

The fieid of numerical control is international in scoﬁe, and so are )
efforts to standardize its software. The International Standards Qrganiza-
tion has nine different projects concerning NC standards (19).

There is an international move toward a universal English-like language
standardized for machine tools. APT, and APT subsets, are the most popular and
accepted in the United States; however, the system has its drawbacks. Y“APT is
a very powerful programming language that is capable of handling programs for
the most complex machines. It has sometimes been accused of being too power-
ful for handling the programs of simpler machines such as two-axis drills or
two-axis milling machines (20)."

Autospot, a non-APT type language was developed expressly for the point-to-
point user. Lathe and other turning operations are essentially two-axis opera-

tions, and there has been some dissatisfaction over APT's performance in this

field. The U.S. Army evaluated programming languages for -turning operations in

Project Humber 9679 (21).
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Standardization is not without its critics. “...[s]tandards are the
main "non-tariff' barriers to trade thot are adjudicated in Gemeva by the
General Agrecient on Tariffs und Trade (22)."

"Corporations who have, or will achicve, successful CAM operations are
undarstandably concerned with retention of the competitive advantages their
technological development has earned them (23)."“An exampie is Compact II,
the proprictary language of Manufacturing Data Systems, Inc. which has been
widely used.

According to Jack Thornton writing in American Metal Market/Metalworking

Hews, "[M]any knowledgeable NHC experts think that a single NC language is im-
possible, though they concede it would be nice {24)." "'A single universal HC
Janguage remains only a distant possibility,' according to Peter D. Senkiw,
President of Advanced Computer Systems, Dayton, Ohio and former head of the
Defense Department's attempt to unravel NC languiages. That study, the Humerical
Control Language Evaluation (HCLE), was published in October, 1974, and 'is
quite dated already,' said Senkiw. The reason is that language proponents are
constantly innovating and restructuring the languages (25)." Mr. Thornton
points out that proponents of other languagas who have large capital invest-
ments tied up would oppose adoption.of a single lIC language. Also, many
dedicated languages are more efficient at their specialty than the broad-
based languages (26).

Although there has been resistance to a universal language, substantial
progress has occurred in several other areas of standardization. EIA Axis
and Motion Nomenclature fov Numerically Controlled Machines’ Standard estahlished

standard coordinates for all numerically controlled machines. The Standard was
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daveloped by CIA Engineering Corwittee TR-31 on tunerical Contvel Systenms and
Equipment, "This stendard for axis mation nerenclature for nuw~rically cun-
trolled machines is intended to sinplify prograrmiing, to siwplify training

of progrurTers, and to facilitate the intorchangoability of control topes (27).°

ARST published the first APT Lanquaga Stondord (X3.37) in October, 1974,
MSI stated its purpose {n X3.37 was "...to prorot: interchangeabitity of pro-
cessing of these programs on a wide variety of corputers (28)." The Standard
defined APT syntax, and the format of the output data (CLDATA) of the processor,
but not the interpretation appiied to the output datc by succeeding processing
or equipmant. The Standard attempted to resolve contradictions of existing
APT systems.

ANSI Stondard X3.37 defined APT as a hierarchy of five subsets, with each
higher subset including the lower and enlarging its capabilities. Scme modylar
capabilities can be handed down to a Tower set. The minimum subset (Subset 1)
has motion cormands limited to position coordinates or delta motions, with no
geometric‘definition available. Subset 2, Advanced Point-to-Point System,
adds geometric definition in lines. Subset 3, Minimum Contouring System, can
calculate cutter offset paths, and geometric definition in planes. Subset 4,
Three-Dimensional Contouring System, adds-geometric definition of three-
dimensional surfaces. Subset 5, Mu]ti—Axis)Contourihg System, has the added
capability to control cutter orientation relative to the workpiece.

Examples of a modular feature which can be added to % subset include
multiple postprocessing, and trigonometric functions which can be added to

the Advanced Point-to-Point System (Subset 2).
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In tlarch, 1974, AISI Committee X3J7 released for consideration a Pro-
posed Revision to %3.37. The 1975 revision included the addition of a machinu
toal type dependent postprocessor lanquage and minor corrections to the pro-
cessor lanyuaae,

One major agency responding to the ANSI proposal has been the Hational
Bureatu of Standards (NBS]. A Federal Infonsation Processing Standards (FIPS)
task group (76-19) has bueen formed under the Institute for Conputer Sciences
and Technology of HBS. "T6-19 will consider the suitability of the ANSI
standard for APT for use as a Federal Standard (29).%

2. Posgprocessors

The majority of the software standardization effort has been directed
to the basic processor, that section which geometrically describes the part
to be produced. Also included in this section are the important mathematical
techniques for expressing geometry in machine motions which are consistent
and repeatable. The output of this processor is utually referrved to as
Cutter Loéation Data (CL Data, or CLDATA). This information is then routed
through the postprocessor section of the computer program to allow the use of
a specific machine to produce the part. The output of the postprocessor
in conventiondl HC is the ccded paper tape. Dr. James Childs identifies
the major weakness of the postprocessing, "...since the exact tape format
for different machines will be different, each type of numerical control
machine must have its own unique postprocessor (30)." "The.number of post-’
processors that interpret word meanings differently also coptri&utes to the

di fficulty of achieving the desired result (31)."
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The trend in industry today is tovard more uniform oad stundard qineral-
purpose processors and semi-unique special-purpose postprosessors, hounver,
several attempts have been identified that make postprocessors standardized
to the degree of allowing exchange betwien different machines. Hational and
intarnational standards organizations have directed substantial efforts to
solve the problem of vocébu]ary definition. The .Unified Numerical Control
Language Committee, which represents six European countries, has issued a
register of postprocessor vocabulary (32). The International Standards
Organizaticn (1S0) standards, which detailed the preferred vocabulary and
meaning, were in their final stages of publication in 1974 (33).

One promising gencept reported by the'Bendix Corporation and International
Business Machines, involves automatic generation of the postprocessor by a
computer. Independent subroutines for the postprocessor, which are the same
for every application, are used as a base, Machine dependunt reutines are
added or mod%fied reculting in a new postprocessor. By 1270 Bendix had
developed a system for computer-aided generation of a 3-axis postprocessor
employing the IBM System/360 Computer. "The bengf‘ts of automatic software

generation of post-processors will result in reduced cost -and shorter lead

time with increased reliability (34)."

IBM is also involved in computer generated postprocessors. “A new

_ feature called design aid for posi-processors (DAPP) is a method of reducing

the cost and effort to develop new posi-processors. This set of modules con-
tains all the modules provided by the S/360 APT system (35)." Also as reported
in another reference, "IBM has included in its system 370 APT package, a new

post-processor writing concept called DAPP (Design Aid for Post-Processors).
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This allows o proarasrer to gendrate a ney pust-pracessor by supplying the
answers to ¢ questionneive and by weiting o mehine toed nodule (36)."

The National Ennineering Laboratory (NCL), East Kilbwide, Glasgqow, UK,
has been very active in NC research,  "The Preoduction Engineering Rosearch
Associatien, through @ contract with NEL, ha: develnped o qencralized post-
processor for point-to-point machines fitted with widely differing control
systems... . It is only nccessary to write a new machine tool module in order
to cater for a new machine (37)."

The preceeding methods attempt to standardize similar subroutines, or
modules, in postprocessors of similar machines. Such techniques omit machine
depeqdent staterments until the postprocessor is interfaced with a specific
machine.

One attempt to stondardize postprocessors including machine dependent
functions of different machines, was identified. Such a techrique would )
allow the same postprocessor to produce identical parts on different machines.
Bradford M. Smith of the Maval Ship Research and Development Center (NSROC)
reported on his successful rasults in this endeavor in September, 1973.

Mr. Smith identified two types of postprocessor language incompatibility.
"The lack of standardization in APT post-processor vocabulary has led to each

post-processor requiving slightly different APT input statements to accoiplish

_the same function (38)." Mr. Smith proposed that a common postprocessor

language be used by the Department of Defense.
The other incompatibility results from different langquages used to
exercise different machine tool functions. To eliminate this difference,

NC machines of similar capabilities are grouped together in general categories.

. e

b v e o
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Mr. Smith's goal was for cvery machine in a «aroup Lo interpret the sore CL
Data correctly, i.e. each machine in the group using the same, or an jdenticadl
postprocessor. The technique allowed the postprocessor to “simulate in soft-
ware those machining functions called for by the pert progran, but not
available on the selected HC 1achine as hardware options (39)."

"For instance, if the CL Data calls for a tuol change and no auteratic
too} changer exists on the selected rmachine, the post-processor will stop the
machining sequence and notify the operator that a manual tuol change is re-
quired (40j." This capability was generated and proven using two different
machines to make identical parts from the same CL Data. The machines used
were a Sundstrand 0%-3 and a Pratt and Whitney HC-1000.

ir. Smith later developed a Part Progranmers lanual which was in use at
the NSRDC on a Kerney and Trecker Model 2 and a Kerney and Trecker Model EB.
A draft of this monual is in Appendix A. Mr. Smith has proposed a generdl
plan for imprbved use of numerically controlled machine tools in the Depart-
ment of Défense (Appendix 8), and a specific research project for better IC

use in the laval Air Systems Command (Appendix C).
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Chap.ter ¥ :

Work Exchanga

The standardization of postprocessors would b2 a major step teward the
practical exchange of work between locations. A Haval Ship Rescarch and
Developrant Conter study in 1974 surveyed Naval experience in NC parts pro-
gran exchange.” The study veported thet “vendors'aro reluctant to use a nurerical
controliparts program supplied as éart of 3 purchase package. A vendor is not
likely to use a parts program uniess he has & quarantee that there are no
'‘minor' faults in the program which may damage his machine (41)."

Even if the exchanged parts program successfully produced the part, th=
recipient may find the program unacceptable for his operation. About 1372 a
nunber of parts programs were produced by Horthern Ovdnance Company for use at
the Naval Qrdnance Station, Louisville (NOSL). Although the programs were
essentialiy correct, "the machining techniques used by the programmers at
Northern Ordnance were.so different from those used at NOSL that the machinists
at NOSL preferred not to use them. While much of the parts program dealing
with part geometry could be used by HOSL, it was found necessary to reprogram
all the cutter motion commands...because the commands weré not programmed
according to the commonly accepted hachining practices at HOSL (42)."

Redding and Smith also cited successful cxamples of exchdhge of programs

. with the Navy. In a series of experiments with South Carolina Vocational

School, parts were manufactured using the same control tape at two separate
locations. In part, “...the results of this exercise demonstrated the ability

of the school to 1) produce a part from control tape used by the Navy on a
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di fferent but similar nurerical cantiol rachine tovl, 2) produze a part from a
tape prograr.ad vecate from the machine system, and 3) produce a part on the
school's nuzerical control machine frem instructions and 3 control tape ve-
Yoyed through 3 cor.2rical telephone-linked torminal and time-shaecing computer
{43)."

One atteapt to make postprocessors available for exchange vas a request
for information by the humerical Control Socicty (NCS). This information
request, dated August 22, 1975, included a survey on postprocessors, and a
questionnaire on part program computer tape verification. The survey and
questionnaire, included in Appendix D, werce the subject of a telephone con-
versation on May 21, 1976 with Mr. Edwin C. Hurd, Chairman of the NCS Software
Comnittee., Mr. Huré said that both parts of the information request had been
recently completed, and that no results had been released. A decision on the
information to be released was pending before the Board of Directors of the

NCS.
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Chapter VI

Direct Humerical Control

Progress in the field of numaricol control has closely paralleled ad-
vancerants in electronics. From the vacuum tube circuitry of the early 1950's,
there have been quantum léaps of progress through the transistor era into the
present age of integrated circuit technology. The comﬁuter industry capi-
talized quickly on these innovations, providing the user disciplines with
large computers for all purﬁbses, specialized lawer cost minicomputers, and
economical, less flexible microcomputers. Each of these systems has applic -
tion to numerical contiol, and the applications are growiny and changing with
the technology.

One method which has improved the use of NC machine tools is Direct
Humerical Control (DHC). DHC is defined by the Hational Machine Tool Builders
Association (NMTBA) as “[A] system connecting a set of numerically controlled
machines to & comion meory for part program or machine program storage, yith
provision for on-dema~d distribution of data to the machines. Direct Numerical
Control Systems generally have additional provisions for collection, display or
editing of part programs, operator ipstructions, or data related to the numerical
contyol process (44)." Such a system would typically include a central plant

‘located multipurpose computer, also capable of other diversified plant tasks,
such as payroll and inventory. Each NC machine on the shop floor may have an
cperator's panel where the part program can be monitored on a cathode ray tube,

errors edited, or operations halted..
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There are at least two henofite of such systems. A central computer
station can reduce maintenance costs, and sirplify control and supervision.
The DRC systei allows for cxpansion by changing software. A hierarchy approach
allows Adaptive Control or Hanagement information Systews to be integrated.
Adaptive Control optimizes metal cutting by automatically selecting the most
efficient speed and feed based upon feedback from a transducer that senses
force, torque or temperature. Management Information Systems (MIS) integrate
data on production, inventory, and demand into an ordered array to aid manage-
ment in planning.

A number of more specific advantuges have been susmarized by Childs.
“Insteaﬁ of the computers pregarirg instructions and then punching these on
tape, the instructions are transmitted from the computer directly to the
drive motors of the machine (45)." Eliminaticn of the tape reader and faster
tape verification with editing capability are major advantages. "Daspite

many improvements, the tape reader is still the single most unreliable part

of an NC system, vulnerable as it is to abuse from the operator and the

environment (46)."

Despite the advantages of DNC on the large scale, its implementation in
industryt has been slow. "The American Machinist 11th Inventory of Machine
Tools shows that...the total population of DNC systems in the United States
is less than 40 (47)."
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Chapter VII

Computer Numerical Control

Computer Numerical Control (CNC) is defincd by NMTBA as “[A] numerical
control system wherein a dedicated, stored program computer i% used to perforﬁ
some or all of the basic numerical control functipﬁs (48)." CHC makes use of
minicorputers and microcomputers, tyo terms which have occasicnally been used.
interchangeably, Both are solid state computers which vary in their flexi- ‘
Si]ity and the degree of dedication, the microcomputer being less flexible
and more highly dedicated. The literature indicated some overlap in the
range of application of the two systems.

“Many of the reEent.product deVe]opments...feature control systems wvhose
basic building biock is a genvral purpose minicomputer. The introduction of
« microprocessor represents the next step in the evolutionary process of
arel, ng compuier technology to NC. Since computers and compu?ér-]ike systems
i~ ,2e storage devices or memories, it is a natural extension to utilize
this nardware to store not only the data required to configure the NC system,
but also to store part programs (49)."

Future application decisions will need tc consider the cost of software

programming and its development, storage, and peripheral equipment required.

The flexibility of software provides the control features.at the cost of memory

to. store them, and adapts a general purpose controlier to a particular machine
(50)." “Software is the key to CNC, the costs uf which are easily overlooked.

The cost of software development is growing in relation to decreasing hardware

costs (51).".
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Many of the leading NC electronic supplicrs have cut back or curtailed
production of conventional hard wired controls in favor of CHC. Westinghouse
Electric Company and Vega no longer produce hardwire HC, and Bendix will be

80 percent CHNC in 1977 (52).
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Chapter VIII

Automated Literature Search

1. Overview

A substantial portion of the literature review for this project was con-
ducted through the Texas ASM University Automated Information Retrieval Service,
the University Library's computerized literature searching service. Two com-
mercia] 9n1ine, interactive, computer-based retrieval services are accessable
by means of a remote, time sharing terminal at the University Library. The
two services available are DIALOG, the information retrieval service of
Lockineed Missiles and Space Company, and ORBIT, the information retrieval

“service of System Development Corporation.

Scarches of the DIALOG and ORBIT systems are conducted in a similar
manner. Words, and word groups which identify the subject material (key
vords), are placed into the computer by the customer in the form of a query.
The computer responds with the number of references in an individual data
base which include the subject of interest. The search area may be expanded
or restricted after each response by alteration of combinations of Key words.
Important information on a reference, such as the author, title, and source,
can then be printed at the users request.

The services contain specific data bases which vary jn their area of
emphasis. DIALOG contains 35 data bases, 18 of which are classified in
Science, Technology or Engineering. ORBIT contains 16 data.bases. ORBIT
has been operational since 1965, DIALOG since 1967, The data baies used are

summarized in Table 8-1.
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DATA_BASE
ntis!

COMPENDEX

IHSPEC!

1shec!
SCISEARC!H

ss1e?
3

1

F&S 4
INDEXES

Table 8-1
SULHARY OF DATA BASES URFD

TOTAL
COVERAGE  CITATIO:S
Jan 1964 481,900
Jan 1970 412,000
Jan 1969 355,000
Jan 1973 34,200
Jon 1974 £00,000
Jan 1974 130,000
1861 417,000
Jan 1972 524,900

22

HUMRER
UPDATED
FREQUENCY OF PER
UPDATIHG PERIOD SERVICT
Biweekly 2,300 ORBIT/
DIALOG
donthly 6,000 ORBIT/
. DIALCG
Monthly 5,000 DIALOG
Monthly 1,400 DIALOG
Monthly 40,000 DIALGG
Monthly 9,000  ORBIY
Annual 39,375 DIALOG
Monthly 8,300 DIALQG

1. DIALOG DATA BASES FACT SHEET, DIALOG Information Retrieval Service,

Oct, 1975.

2. SDC Search furvice Data Bases, Systems Development Corporation,

Nov, 1975,

3. Comprehensive Dissertation Index, 1974 Supplement, Vol. 3, 1975.
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Three scperate enline literature searches were conducted, the results
of which are presented in Table 8-2, Table £-3, and Table 8-4,

The first search of three data bases was conducted on March 15, 1976.
The objectives of the first search were to gain an estimate of the mag-
nitude of the litersture written on numerical control, and to obtain specific
references. A simplified logic flow chart is presented in Figure 8-1.

After the results of the first scarch were analyzed, a second search of
seven data bases was conducted on April 15, 1976. Focus was directed to
tools, postprocessors, and standardization.

A third search of four data bases was conducted on July 27, 197€¢. This
search ;cted as a control, to determine if any arca of interest had been
excluded inadvertently. The effects of using different word forms of the
key words "tool" and "postprocessor" were measured. An attempt was made to
locate additional work by the two primary researchers (previously identified -

by the first two searches). A business oriented data base was included tc

broaden the extent of the search.
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Table &-2
Information Retrieval Search of tarch 15, 1976 .
Sumnary of Results
Data Base
1. NTIS '
2. COMPENDIEX
3. INSPEC
Code Used

Key Vords used in Search Number of References Generated in Flow Chart

] 2 3
Numerical Control 176 123 1450 NC
Machine Tonls 523 2234 2519 MY
Numerical Control and tachine Tools 72 92 920 NCMT
Programming Languages 2282 " 86 905 pL
Punched Tape ‘ 142 84 319 PT
Machine Oriented Lanauages 112 3 114 ML
Standards 14181 5876 N7 ST
Standardization 926 979 1272 SZ
Numerical Control and Machine Tools and
Programming Languages or Punched Tape or
Machine Oriented Languages or Standards
or Standardization 20 6 45
Review 14917 - 6190 R
State of the Art 1155 - 250 SA
Numerical Control and Machine Tools .
and Review or State of the Art 1 - : 2

I TE s e e
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Table 8-3
Information Retrieval Search of April 8, 1976

f Summary of Results

Data Base

NTIS
COMPENDEX
INSPEC
ISHEC

. CDI

SCI SEARCH
. SSIE

Key Words Uscg in Seavch

Numerical Contro?l
Machine Tools

Numerical Control and Macﬁine Tools

,Computer Software

Rumerical Control and Hachine Tools and
Computer Software

Tool
Numerical Control and Machine Tools and Tool

Standardization

Numerical Control and Machine Tools and Tool

and Standardization
Group Technology

Numerical Control and Machine Tools and Tool
*and Group Technology

Post Processors

*Numerical Control and Too[

180
524

134

611

Number of References Generated

438
2255
265
119

6136
86
964

3
1450
2519

926
851

1148
216
1317

4

162

'2*

25

5
1

6
0




lrable -4
INFORMATION RETRIEVAL SEAKCH OF
JULY 27, 1976

Surmary of Results

DATA BASE .
1. NTIS
INSPEC
COMPENDEX
. F&S_ INDEX

> W N

Numerical Control

Technelogy

" Manufacturing

Numerical Control and Technology

Numerical Control and Manﬁfacturing

Standardi(zation) .

Generali(zation)

Numerical Control and Standardi-
(zation)

Numerical Control and G:nerali-

(zation)

. Machine tool

Machine tools

Numerical Control and Machine Tool
Numerical Control and Machine Tools
Tool

Tooling

185
28,274
5,101
19

37
1,057
15,965

87
540

13

0632
62

1,497
6,775
3,353
0
162
1,379
1,841

22

576
2,578
156
943
1,177
52

452
12,436
4,629
R
66

1,839
5,664

973
2,345
67
262
6,492
726

353
3,535
1,588

N
97
25

P g -



Table 8-4 (continued)

dumerical Control and Tool

Humerical Control and Teoling

Tool and Standardi(zation)

Tooling and Standardi(zation)

Humerical Control and Tooling and
Standardi(zation)

Postprocessor

Post processor

Humerical Control and Postprocessor

uumeriéal Control and Post processor

Numeiical Control and R. M, Sim

Numerical Control and B. M. Smith

wumerical Control and J. L. Redding

1
12
0

o N O W

221

17

n
15

- 0O N W N

13
15

P i -t

27

225

o O o o




e e o

Figure 8-1
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Information Retricval Scarch Of Mirch 15, 1976

Simplified Logic Flow Chart

(turbers Reflect NTIS Results Only)

Hr
523

e
176
NCHT
7
R, SA
14917, 1155 @
1

and

20

P, PT, ML, ST, SZ
42282, 142, 112, 14181, 928
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2, Data Bases Used

HTIS: The Kational Technical Infonmation Service is a Federal Agency, under
the Departrent of Conmarce. It is "the central point in the United States
for public sale of research, developrent, and other Covernmeat-funded reports
prepared by Federal agencies, their contractors, or grantees. In adgition to
the data produced by the bepartment of Comnerce's 20 operating units, more
than 225 othergeovernment organizations use NTIS to announce and distribute

their publications and data (53)."

COMPENDEX: COMPEIIDEX, oroduced by the Engineering Index, Inc. is a data hase

corresponding to The Enainecring Index Monthly. The data base offers a world-

wide coverage of engincering from professional and technical journals, pro-
ceedings, transactions, reports, and special publications. 2299 publications

were included in 1975 (54).

INSPEC: INSPEC is ar abectracting service provided by the Institution of
Electrical Engineers (IEE), located in Great Britain. The service is sub-

divided into Computer and Control Abstracts, Physi~s Abstracts, and Electrica)

and Electronic Abstracts; all arve a part of the overall service, Science

Abstracts. The data base draws mainly from professional and technical journals

and conferences. In 1975, virtually all articles in approximately 223 journals

_were included. The articles of approximately 2240 additional journals con-

sidered significant by the editers were also included in 1975 (55).

ISMEC: Information Service in Mechanical Engineering (ISMEC) is a data base
parallel to INSPEC produced by the Institution of Electrical Engineers and

the Institution of Mechanical Enginecers. Information relevant to mechanical
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engisicering and engincering runageiont is selected from periodical literature,
books, reports, and conference proceedings. In 1974 the references were drawn
from a collection of approximitely 243 periodicais, and an additional 2000

publications submitted to INSPEC (56).

SCISEARCH: SCISEARCH is an index to the literature of science and technology

from the Inztitute for Scientific Information. 11060 Life Science Journals

are included (57).

SSIE: SSIE is a service of the Scieace Information Exchange (SIE) of the
Smithsonian Institution. The SIE "facilitates effective management and co-
ordination of scientific research ancd development by providing for exchange of
“information about curvent research projects supported by the U.S. Government
and other participating agencies (58)." The data base allows users to monitor
the progress of incompliete rescarch, and proposals on planned projects. Over

1300 funding organizations voluntarily submit project information (55).

COMPREHENSIVE DISSERTATION ABSTRACTS: Comprehensive Dissertation Abstracts
include "virtuaily al: of the dissertations accepted for academic docioral .
acgréés.........agranted by United States educational institutions. Some

dissertétion§ accepted by foreign universities are also included.(so).“ The

data base corresponds to Comprehensive Dissertation Index (CDI), a service of

'XerbxxUniversity Microfilms.

F & S INDEXES: Funk and Scott Indexes is a business and economics data base
from Predicasts, Inc., Articles relevant to business researbh are drawn from
over 250 financial publications, business oriented newspapers, trade magazines

and special reports (61).
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NORMAL JMPLYMLNTATION

This statement controls the operation of air jets used
for chip removal. Control is noxmally effceted through the
use of miscellancous function M Codes on the postprocessor
N.C output.

PROPOSED IMPLEMENTATION

. Where the N C machine is not equipped with air jets under

_program control, this function must be 1mp1emented manunally by

the machinc tool operator. The postprocessor brings the machine
tool to a halt by placing an OPSTOP code on the N C output. The
operator is then advised through a messapge on the.text output fo
control the function of the air jcts manually.

BREAK

This statement is normally used where the N C output of
the postprocessor is punched paper tape. The statement is
used to segment the paper tape into conviencent and manageable
lengths. BREAK causes the postprocessor to terminate the paper
tapc in an orderly fashion as with an END statement. A new
length of paper tape is then started with all functiois such
as the spindle and coolant restored to the condicion they were

- in before the break.

-
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cLv/ S

Initiates ox terminates a holding operation;“

CLAIP/ n, (g;!r)

Controls a hoiding oboration on clamp number "n". "ON" is
assumed if the option is not specified.

XAX1S
Y2§IS (ON )
ZAX1S

BAXIS
CAX1S

Controls a clamping operation on onc axis of the muchine tool.
"ON" is assumed if the option is not specified.

CHUCK ot
COLLET

HEAD

PALLET

RAIL

SADDLE

TABLE

o/ o (O

Initiates a clamping operation on the device selected. '"ON"
is assumed if the option is not specified.

NORhAL TMPLEMENTATION

Control is normally effected through the use of miscellaneous
functinn M Codes on the postprocessor N C output.
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PROROSED TMPLEMENTATION

Where the N C machine is not cquipped with clamping
devices under program contirol, this function must be imple-
mented manually by the machine tool operator. The post-
processor brings the machine tool to a halt by placing an
OPSTOP code on the N C output. The operatox is then advised

through n message on the text output to control the function
of the clamps manually.

CLRSRF/ (ﬁ?tﬁﬂ) n
~ \ ZXPLAN

Defines the normal distance from the part reference system

origin to the clearance plane parallel to the selected
coordinate plane.

CLRSRF/ n - .

Defines the norinal distance from the part reference s&stem

origin to the clearance plane parallel to the XY coordinate
plane. .

/

CLRSRF/ (écfinition of a plane)

Detines‘theclearanceplane explicitly.

INPLEMENTATION

The CLRSRF statement is used by the postprocessor to
define a clearandse plane to be used in conjunction with sub-
sequent RETRCT statements. When a RETRCT is encountered,

the postprocessor will automatically retract the tool to the
clearance plane.
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FLOOD 700
COOLNT/ (), wist (om:)

Controls the sclection of coolant desired.

COOLHT/ (), Q.

The optional scalar value “n" sclects which coolant is desired
to be controlled.

NORMAL IMPLEMENTATION

This statement is used to control the flow and the type
of coolant used. Use of the minor words FLOOD, MIST, and AIR
alonc constitute a request for that type of coolant to be
turned ON. The statement COOLNT/CN is used to reinstate the
coolant that was last used by the programmer. Where nonc has
been previously specified, the default option FLOOD is used.
Control is normally cffected through the usc of miscellancous
function M Codes on the postprocessor N Coutput.

" /
PROPOSED IMPLEMENTATION

Where the N Cmachine is not equipped with coolant under
program control, this function must be implemented manually
by the machine tool operator. The postprocessor brings the
machine tool to a halt by placing an OPSTOP .code on the M C
output. The operator is then advised through a message on
the text output to control the function of the coolant manually.,
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CYCLE/EORE, =, £, [, ()

This statement specifics a boring operation starting with

a rapid pos 1t10ninr motion to a hedght C above the progruan-
med point. This is followed by a plunie motion at feedrate

{ to a depth ». The spindle will then stop and dwell {for

two scconds. Tinally the tool will retract at rapid feed-
rate to the clearance heipht €. If C is omitted, .050 inches
is assumed. C is assumed to be positive and z negative with
all programned points defined on the part surface.

r) .

CYCLE/CSINK, @, a, £, 1PM, (0)

This statement specifies a counter-sinking operation where
the tool positions at rapid feedraic to a height C above
the programmed point., A plunge motion is made at feedrate
f to a depth calculated to lecave a countersinl: diameter d
with included tool angle a, A rapid retraction is then
made to the clearance height C. If C is omitted, .0890
inches is assumed.

CYCLE/DEEP, 1, 72, - - , =20, £, 1P ()

This statement defineé a deep drilling sequence where the
tool positions at rapid feedrate to a height C above the
programmed point and the following sequence occurs:

1. Plunge at feedrate £ to the depth zl.

2. Retract at rapid feedrate to clearance height C.

3. Plunge at rapid feedrate to within .050 inches oI the
previous z depth.

4. Repeat steps 1 -3 for all z parameters.

5. Retract at rapid feedrate to the clearance height C.
Where the C parameter is omitted, .050 inches is assumed:

CYCLE/DRILL, =, £, ;PR , (O

This statement functions the same way as a CYCLE/DEEP with
only one z parameter given.
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CYCLE/FACE, =, £, }5H . (C)

This statement upecifies a facing operatien seguence con-
sisting of a rapid pusitioning motion to a clearonce heipght
C above the programacd point, a plunge motion at feedrate

£ to the depth =, a two second dwedl, and & vapid retraction
to the eluvarance height C. Where tho C parameter is omitted,
050 inchoy is assumed.

CYCLE/MILL; =, £, 1P, ¢ o

This statement sets up a milling sequence for all subscquent
programmed points until another CYCLE statement is encountered.
The milling sequence consists of a rapid positionings motion

to & clearance heipght C above the first programmed point fol-
Jowed by a plunge motion at feedrate 4L to the depth z. The
motion to ceach successive programmed point is at fcedrate I.

No retraction is made to the clearance height C. Where the

C paramcter is omitted, .050 iuches is assumed.

; o OYCLE/RENW, &, 1, 1P, ()

This statcement specifies a reaming scquence consisting of a
rapid positioning motion te a height C above the programmed
point, a plunge at feedrate £ to the depth z, and a retrac-
tion at fcedrate f to the clearance heignt C. If C is omit-
ted, .050 inches is assumed.

| - CYCLE/TAP, =, 2, 1P, (O) .

This statement specifics a tapping sequence starting with
a rapid nositioning motion to a height C above the program-
{ * med point. With the spindle in the clockwise direction a
. plunge motion follows at a fcedrate f to the depth z. The
spindle is reversed and a retraction is made at a feedrate
‘ f to the clearance height C. A rapid positioning motion is
made to the next programmed point and the spindle is reset
) to the clockwise dircction. 1f C is omitted, a hcight of
| .050 inches is assumed.
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CYCLE/THRY, =1, =2, =8, - - -, %20, £, IE0, (C)

This statement defines a series of fead motions inter-
sperscd with rapid plunpge motions, "The toul is first
positionud at rapid fecedrate to a height C abovae the
programmed point. T.e following secquunce is initiated:
1. Plunge at fcedrate £ to, the depth‘zl.

2. Plunge at rapid fecdrate to depth «2 minus the clear-
ance dimension C.

3. Plunge at fecedrate £ to the depth z3.
4. PRepent 1 -3 for all z values given.,
5. Retract at rapid feedrate to clearance height C.

¥here the C pafnmeter is omitted, .050 inches is assumed.

-« .« - - - remme W  wo-w -
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CUTCO{/ n

Speeifies the cutver compensation register to be usced in the
N ¢ controller,

¢ OH
curcor, St

Turns cutter compensation ON or OFF.

CUTCO/ RIGHT

Specifies tihic direction of cutter compensation to be used.

1/ RIGHT XY PLAN _
cuTcon/ LEET , (m),|YZ PLAN ] , (LENGTH, m)
ZX PLAN

Determines if compensation is applied to right or left side of
cutter path. The following options can be used in the order
shown. . '

1. A scalar "n" can be used to specifly the cutter compensa-
tion register to he used in the N € controller. Thoe default
register is governed by the pos:iprocessor.

2. The coordinate plane to be ured for tle cutter compensa-
tion can be selected. Default value is the XY plane.

3. Cutter length compensation can bhe specified as a scalar
value "m"., Default length compensation is zero.

IMPLEMENTATION

Cutter compensation is a feature of an N C controller
whichi enables an operator to adjust the programmed center
path to compensate for minor variations in cutter diameter
and lengih from the nominald values used in the part program.
These variations are usuunlly the result of regrinding, wear,
or inaccuracies of tool length adjustment. Where the N C
machine controller is not cquipped with the cutter compensa-
tion feature, this statement cannot be correctly processed.
The postiprocessor must then flag the use of this statemep’
as an ¢rror.
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CYCLE/BORE, THRU, - opTiONS -

This statoment specifies a borinpg operation consisting of a
rapid piunge, a feed motion and a rapid retraction. 'The
depths for thesce motions are specifiecd by the couplets RADPTO,
FELDTO, and RTRCTO. When several successive rapid and {eed
motions arc desired at the same X -Y point, they can be gpeci-
fied by scalar lints after the RAPTO and FECDTO modifiers.

-

CYCLE/BORE, DEEP, (STEP, m,n,p,ete.) - opTions -

This statement specifiecs a boring operation consisting of a
rapid plunge, a secries of feed motions, and a rapid retraction.
The initial plunge depth is controlled Ly the RAPTO couplet.
The fced motions are in "woodpecker" fashion; fced to depth,
retract to initial plunge depth, plunge back to the previous
fced depth, feed down again, etc. The ultimate feed depth is
under control of the FEEDTO modifiexr. DNepths for the inter-
mediate positions are under control of the STEP modifier.

CYCLE/BORE, DRAG, - cpTIONS -

This statement specifies a boring operation where the spindle
is brought to a halt at the end of the cut and then withdrawn.
Otherwise thc parameters and operation are the same as for
CYCLE/BORE, THRU,

LY

CYCLE/BORE, NODRAG, (ORIENT, n)

This statement is similar to the DRAG option except at the end
of the feed motion the spindle is stopped in a known orientation
and a move is made in X or Y to back the cutter away from the
work before the cuiter is retracted.

" CYCLE/BORE, MANUAL, - opTions - .

This statement allows for a manual retraction of the tool once
the feed motion has terminated. The machine tool spindle is
turned off automatically. .
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For all BORE opcrations the following couplets can be

usced as options:

RAPTO; m
FEEDTO, n
RTRCTO, p
I1PM

IPR £
MMPM )/
MMPR
DWELL, s

DWELL, REY, r

The tool wil: plunge at rapid fecedrate
to the position defined by the delta
distance "m". A positive value is
measured from the point back along the
spindle center line. A negative value
is measurced from the point ian the op-
posite direction.

+»

The tool will plunge under feedrate
control to the position defined by the
delta distance "n". Positive and nepga-
tive values are measured as for RAPTO.

The tool will retract at rapid feedrate
to the position defined by the delta
distance "p". Positive and negative
values are measured as for .RAPTO.

The tool will move at a Ieeérute nfn

. in units of inches or millimeters per

minute or per revolution.
Commands a dwell of "s" seconds.

Commands a dwell of '"r" revolutions
of the cutter, '
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CYCLE/DRILL, THRU, - opTiONS -

This statenent specifies a drilling operation consisting of

a rapid plungze, a feed motion, and a rapid reotraction, Depths
for these motions are contained in the modificr couplets RAPTO,
FEEDTO aud RTRCTO. Where several successive rapid and feed
motions arc desired at the same X -Y point, they can be speci-
ficd by scalar lists after the RAPTO and FEEDTO modifiers.

CYCLE/DRILL, DEEP, (STEP, my, mg = = mg), ~ OPTIONS -

This statement specifies a drilling operation consisting of a
rapid plunge, a series of feed motions, and a rapid retraction.
The initial plunge depth is controlled by the RAPTO couplet.
The feed motions are in "woodpecker' fashion; feed to depth,
retract to initial plunge depth, plunge back to the previous
fecd depth, feed down again, ete. The final fced depth is con-
trolled by the FEEDTO couplet. Depths for the intermediate
positions are under the control of the STEP couplet.

CYCLE/DRILL, BRKCHP, (STEP, my, mg - - my), - OPTIONS -

This statement is identical with the above DEEP statement ex-
cept that the drill is not retracted to the initial plunge
depth after each step of the sequence. The small retraction
that is made after each step is sufficient only to break up
the chip. The amount of retraction is determined by the post-
processor.

CYCLE/DR“.L/ CSI"K; CSKDIIL m, TLANGL; n, = OPTI'ONS -

This statement specifies’ a countersinking operation consisting
of a rapid plunge, a feed motion, and a rapid retraction. The
plunge depth and retraction pesition are controlled by the

RAPTO and RTRCTO modifier options. The feed depth is computed

.by the postprocessor from the scalar values of "m" and "a".

These are the desired countersink diameter and the tool angle.
If the HOLDIA option is included, gn additional amount of plunge
depth is calculated before the feed motion starts.
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CYCLE OPTIONS

The following optional couplets can be included with CYCLE/DRILL

commands.
HOLDIA,
RAPTO, m 1
FEEDTO, n
RTRCTO, p
1PM
I1PR £
MMPM |’
MMPR
DWELL," s

DWELL, REV, T |

The scalar "d" specifies the diameter
of the holo being drilled, Difforent

diamecters for successive holes such as

" would be produced by a stepped drill

can be specified in a scalar list after
the HOLDIA modifier. The data is uscd
to calculatc an additional amount of
rapid feedrate plunge before the cutting
fecedrate is started.

Same as for CYCLE/BORE options




50

CYCLE/TAP, - opTioNs -

This statement specifics a fixed cycle of tappingg operations
consisting of a rapid plunpe, forward spindle, feed to depth,
reverse spindle, feedout to the feed start position, and a
rapid retraction. 7The followinpg modifiers are uscd to specify
the cycle. All modificr couplets are optional.

RIGHT The forward direction of the spindle
LEFT is right for clockwise and left Ior
counterclockwise. ',
RAPTO, m |
FEEDTO, n
RTRCTO, p
1PM Same as for CYCLE/BORE options
IPR 0
MMPM |7
MMPR J
TPll m
Can be used in lieu of IPM above to
specify the threads per inch "m" for
feedrate control.
DHELL, s Same as for CYCLE/BORE options
DWELL, REV, r :

CYCLE/MILL, - opTions -

This statement specifies a series of milling operations con-
sisting of a rapid plunge, a feed motion, a milling scquence
and a rapid retraction after the last point of the milling
sequence. The following modifiers are used to specify the
cycle. All modifier couplets are optional.’

RAPTO, m .
FEEDTO, n -
RTRCTO, p

1PM

IPR | ¢
MMPM |
MMPR

DWELL, S
DWELL, REV, r
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CYCLE/MAHUAL

A manually centrolled operation is to be performed at cach
X ~Y point. The maching operator will restart the machine
after the operation is completed,

CYCLE/QFF
This statemeni terminates a previously defined cycle operation
scquence. .

CYCLE/ON, - opTIONS -

This statement reinstates the last defined cycle operation

sequence. Options may be appended to modify any aspect of
the sequence desired.

DELAY/n

Causes a suspension of all machine operations for '"n" seconds.®
Used to halt the machine for a given length of time.

/

DELAY/REV, n

Causes a suspensicn of all machine operations for "n" revolu-
tions of the spindle.

IMPLEMENTATION

Dwell times are usually initiated by an appropriate mis-
.cellancous ru.iction, M icode or by a preparatory function G code,.
The length of dwell is jgoverned cither by an associated motion
register (X,Y,Z,etc.) or by activating a preset timer in the NC
controller. In the case of a dwell for a specificd number of
revolutions, the postprocessor first calculates the time in sec-
onds from the known spindle speed and the given number or revol-
utions. The appropriate output block is then generated.

4
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.

For HC controls with no cnntrol of delay time, the post-
processor should penerate a warning message indicating a delay
was called for but not exccuted.

END

This statement indicates the lopical completion of a scction of
programming. An orderly completion of all postprocessor output
follows. A Suvop code and End of Tape code followed by trailing
leader codes are placed on the postprocessor N C output. Final
messages arce printed on the text output concerning tape length
produced, machining time, and number of processing errors.
Following the END statement a postprocessor cexpects either a
FROM statement or a FINI statement.




o

§s .

53

Hi

- . LOW
FEDRAT/ n R RANGE, MEDIUN
HIGH

Specifics the feedrate in inches per minute. Range sclection
is optional.

IPH ' Low -
FEDRAT/ jiRe # ™+ (RANGE.  wepiun

Specifies the fcedrate "n" in units of inches or millimeters
per minute or per revolution. Range selection is optional.

IMPLEMENTATION

The postprocessor will ordinarily calculate the propexr F code
feedrate number to be placed on the N C output based upon data
such as the commanded fcedrate, the length of tool motion being
executed, and the spindle speed if IPR has been specified. The
{ecedrate may have to be reduced as a result of acceleration -
deceleration requirements of the machine, surface feet per min-
ute claculations, or tape reader speed limitations. All fecd-
rates are tested by the postprocessor to lie within maximum

and minimum bounds. The optional range selection will normally
result in a miscellancous M code being generated to shift gears
of the servo transmission aloag witih a deciay preparatory function

G code to cause a dwell for the requircd length of time lor gear
changing.

For those N C machines without gear changing ability, the RANGE
option is ignored. If by chance the commanded feedrate exceeds
the capability of the machine tool, a warning message is placed
on the output text listing and the maximum feedrate is assigned.

. If a fcedrate command is encountered which cannot be executed

within given range, an automatic range change is made and a
warning message is generated.

For those N C machines with mqnual control of fecdrate only,

an OPSTOP code is generated and a message is placed onithe

output listing instructing the machinec operator to manually
adjust the fecedrate to the recquired value.
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GOHOME

Commands all axes of the machine tool to a position which is
defined within evch individual posiprocessor. The statement
is often used for chanpging tools or at the end of a part pro-
gram. Rapid fcedrate is uscd for this move.

INSERT/ * = = = = = == = !

Characters specifind'betwecn the apostrophe delimiters are
inserted directly it o the output control nformation. Im-
bedded blank characters are inserted in the same manner.

LEADER/ n

Specifics the amount of leader to be produced in units set
by the postprocessor. (Commonly inches)

LINTOL/ »

Cosnttrols the linearization function. The value 'n" specifies
the acceptable deviation of the tool tip from the desired
cutter path. ’

LINTOL/ O

Commands that the linearization function in the postprocessor
be on or off. The postprocessor linearization function forces
the machine tool to stay within a specificd tolerance of a
straight line comnecting two successive cutter location points.
Intermediate points are calculated to fulfiil this purpose.
Linearization is performed only for non-rapid movements when

. started by a LINTOL statcment.

-




LARGER
LOAD/TOOL, (n), (LENGTH, m), |HOLDER, SHALL

MEDIUNM

p
Controls the loading of a tool specified by the optionul
parameiers or by a previous SELECT/TOOL statcement. "o

is the tool identification. Cutter lenpth compensation can
be optionally specified by the couplet [LENGTN; m]. and a
tool holder is described by the last optional couplet.

NORMAL JTMPLEMENTATION ’

The tool to be loaded by this command is specified by
the value "n". This is cither the tool number or its location
in the automatic tool changer. If "n" is omitted the next tool
available will be loaded. Use of just the basic statement
LOAD/TOOL with no other data implies that the tool was pre-
viously specified by a SELECT/TOOL statement. Control of the
tool loading operation is normally effected through the use
of miscellaneous function, M Codes, preparatory function, G

_Codes, and tool function, T Codes, on the postprocessor N C

output.

PROPOSED IMPLEMENTATION

Where the N C machine is not equipped with tool changing
capability under program control, this function must be im-
plemented manually by the machine tool operator. The post-
processer brings the machine tool to a halt by placing an
OPSTOP code on th~ N C output. The operator is then advised
through a message on the text output to load the specified
tool manually.

MCHTOL/n :

This fcature of a postprocessor checks the amount of overshoot
or undershoot that will occur when a change in direction has
been programmed. If the deviation from the desired cutter path
exceeds the value "n", the postprocessor will compensate by in-
serting commands on the N C output. Dwell commands are used to
correct for excessive undershoot. The commanded feedrate is
reduced to correct for overshoot.
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OPSKIP/ O

This statement allows the machine tool operator to skip over

optional sections of N C control information. All blocks of

postprocoessor ¥ C output occurring after an OPSKIP/ON stato-

ment are flapgped in such a way to allow the N C controller to
ighoxre them whoenever the machine onperator uses the block de-

lete function of the controller.

IMPLEMERTATION

Where this command is used for controllers not equipped
with the block delete option, it is ignored.

OPSTOP

Optionally halts all machines motions under tape control and
turns off the coolant, spindle, and tape recader. This command
is similar to the STOP command but is under the option of the
machine operator. Through a switch on the control panel he
can enable or disable this feature. If the switch is oif, the
command is ignored.

IMPLEMENTATION

For a machine not equipped to recognize the OPSTOP mis-
cellancous function M Code, the postprocessor should cause
the machine to stop unconditionally.

ORIGIN/ X,Y, (@)

This statement defines the machine origin in terms of the part,

programming reference system. X, Y, and Z give the location
of the machine tool origin in the coordinate system -used for
the part program. The value Z is optional. Its.default value
is zero. :

P




PINOTZ/n

This statement is used only by multiaxis postprocessors to define
the relationship of the purt programming origin to the pivot
planc of the machine tool. The pivot plane is the basic refor-
cnce plane of the machine tool. 1t is generally a % plane. ALY
machine slide dimensions arce measured {rom the pivot plane. '"a"
specifics the distance from the nart origin to the pivot plane.

e

PPRINT/ "= - = - = - -

The statement is used to place comments in the postprocessor
text output. These are used to give messapges to the part
programmer or machine tool operator concerning part setup,
tool chianges, or recasons for a programned STODP or OPSTOPR.
The specified string of characters are inserted into the
printed output of the postprocessor.

RAPID

This statement specifies that the next programmed movement is
to be executed at the maximum possible feedrate. The RAPID
command applics only to the next movement. All successive
moves are at the previously defined feedrate.

/

RETRCT

Commands a rapid traversec movement of the teol to the clear-
ance surface which has been previously defined by a CLRSRF
statement. Motion is along the tool axis (Z axis). The
command is used on positioning and milling machines.

REWIND

. This command repositions the control medium to its starting

point. The machine is brought to an orderly halt with spindle,
coolant, etc. turned off.

REWIND/w

Repositions the control medium to the reference mark number “n",
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~7 HEAD
ROTATE/ MED

Commands the rotation of a head or table in the positioning
inoda only. Motion is not under feedrate control. The scalar
"n"* gpecifices the absolute value of the angle or rotation and
is given in degrees.

*

ROTATE/ HERD. , 1ucr, m, (ggﬁw) , (ROTREF)

The angular rotation from the present position is specificd
by the couplet (INCR,m). It.is an incremental movenment of
"m* degrees.  Where the optiona: dircction sclector is not
gpecificd, the rotatiun is governed by the sign of "m".
Rotation is clockwisc for positive "m" and counterclockwisc
for ncgative "r". Use of ROTREF insures that after rota-
tion the part coordinatc system and the machine coordinate
system remain in alignment.

-t . LT

ROTATE/ ¥§QEE , ATANGL, n,(%%ﬁw) ,  (ROTREF)

The ecouplet (ATANGL, n) commands a rotation to the angle "n®
degrees. Direction of rotation is governed by the optional
kelector. Default direction is clockwise. As above the op-
tion ROTREF will cause rotation of the part programming coor-
dinate system.

PROPOSED IMPLEMENTATION

The ROTATE command normally results in A or B axis move-
ments on the postprocessor N C output. For machine tools not
equipped for these movements there can be no ‘simple manual
remedy. The postprocessor should flag this condition as being

. beyond the capability of the seclected machine tool.

-
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SELECT/HEAD, n Selects head by number.

ALL
(BOTH )
HIGH
LEFT
Lo
MAIN }
RAIL 1 .
RIGHT
SADDLE
SIDE
“RaH

QUILL

N

. NORMAL IMPLEMENTATION

.This statement identifies a particular head on the N C
machine which will be referenced by future statements.

PROPCSED IMPLEMERTATION

This statement will be ignored by all machincs with a
gingle head.

>

. p
SELECT/TOCL, (n), (vLENGTH, m), [HOLDER, LARSE
' SMALL

. NORMAL IMPLEMENTATIGN

This statement controls the selection from the tool changer
of the tool specified by the identification number '"n". 1f
"np" jis omitted, the next tool availabic will be selected.
Cutter length compensation can be optionally 'specified by
the couplet (Length, m). The tool holder can be described
by the last optional couplct., The tool will not be loaded
into the active spindle until a LOAD/TOOL statcment is en-
countercd at a later time., Control is normally cffected
through the usc of miscellancous function, M Codes, prepara-

tory function, G Ccdes, and tool function, T Codes on the
postprocessor, NC output,

* = -

(=¥
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PROPOSER IMPLEMENTATION

Yhere the N C machine is not cquipped with automatic
tool changing capability under program control, this function
must he implemented manually by the michine tool operator
when the LOAD/TOOL statement is eacountered. The postprocessor
must simply store the data given in the SELECT/TOOL statement
for future usc when issuing a message to the operator for load-
ing the tool.

‘-

SEQNO/ n

Specifies that the next output block will be assigned tha
sequence number "n" only the next—blesk—will be effccted.
Normal sequencing will then resume.

SEQNO/ N

Starts and stops the scquence numbering function.

SEQNO/AUTO ’

Specifies that cach block sequence number will corrcspond to
the number of the cutter location record being processcd.

SEQHO/IHCR, m, (x)

Specifices that the next output block will be assigned a
sequence numbzy equal to the previous number’ (or zero if no
previous number was assigned) plus the scalar value "m'". Sub-
sequent sequence numbers will be incremented by the value 'm".
If the scalar value '"r" is present, a sequence number will only
be assigned once every '"r' output blocks.




SEQRO/ n, INCR, m

Specifies that the next output block will be assipgned scquence
number "n" and that cach following block will be incremented
by ||mlt .

SEQNO/ n, INCRJ n, (r)

Specifies that the next output bleck will be assigned’ sequence
number ™n" and that cach following block will be incremented

by "m'" and ™" as avuve. ‘
CIRCUL

SET/MODE, LINEAR \
PARAD

Specifies the particular mode of interpolation to be used,
(whenever possibie) for all non-linecar motions.,

m
LOW
SPINDL/ n, (CYY )}, rANGE, MEDIUM
CCLW PN

Commands the spindle to'be turned on at the specified angular
velocity 'n" revolutions per miaute. The default of the op-
tional angular direction is clockwise. The default of the
optional range is determined by the postprocessor. '"m" speci-
fies a range by number. ‘

y m
LOW
SPINDL/ON, {S¥ ), | RancE,. MEDIUM
CCLW.
HIGH
Commands the spindle to be turned on. Previous spindle speed
dAirection, and range are reinstated unless direction or range

is specified. If SPINDI/ON appears as the first specification,
a default spindle speed is assigned by the postprocessor.

SPINDL/OFF Turns off the spindle motor and coolant.

" em pereimer tem W




r
e TOOL
SPINDL/ SFH, n,(glé‘{f‘.,), rance, MEDIUM J{oanius, xcoorn |, (axren, x) ,

62

SPINDL/HEUTRL Placces the spindle motor transmission in the
necutral position.

SPINDL/LOCK Fixes the spindle shaft so that it cannot
be turned.

SPINDL/GPIENT, (n)

Causes the spindle to be oriented into an absolute angular
position specificd by the optional scalar "n" or in the
absence of "n" in a position determined by the machine
hardware or the postprocessor.

m
LOW

r

YCOORD
. ZCOORD

Commands the spindle to be turned on so as to produce a cutting
spceced of the specified distance per unit time. "n" specifies
the surface velocity in feet per minute or meters per minute.
The default of angular rotation is clockwise. Other optional
conylets as shown can be added to specify the spindle range,
toal radius and maximum spindle spced.

NCRMAL IMPLEMENTATION

Control of spindle snced’'is accomplished by varying the
speed of the drive motor and by changing the gear ratio between
the motor and the spindle. The desired gear range " can be speci-
ficd by the words HIGH, MEDIUM, and LOW or can be selected by
number, m=1 specifics the lowest range; m=2 is the next higher
range; m=3 next, etc. For transmissions with three ranges, LOV,
MEDIUM and HIGH correspond to m=1,2,3. But for transmissions
with only two ranges, MEDIUM and HIGH both select the m=2 range.
Control is accomplished through the use of appropriate miscel-
lancous function, M Codecs, and preparatory function, G Codes.
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PROPOSED IMPLEMENTATION .

¥here the N C machine is not ecquipped with spindle
functions undex propram control, this function must be im-
plemeated manually by the machine tool operator. The post-
processor brings the machine tool to a halt by placing an
OPSTOP code on the N C output. The operator is then advised
through a message on the text output to manually set the speed
direction, and range of the spindle drive system to the proper
values.

.

STOP

Halts 2ll machine motions under tape control and turns off
the coolant, spindle, and tape rcader.

THARK

This command causes a rewind stop code to be placed on the
postprocessor N Coutput. It is used by the NCcontroller
to terminate the rewind sequence of the control tape and
restart machining from a known point in thc program.

TMARK/n

Commands that a reference mark with the value "n" be placed
on the output control medium. Rewinding to this position is
accomplished with a REWIND/n command. :

TRANS/X, Y, (@)

. Defines the translation parameters used to modify tool position

cgordinates. Z is optional, Default value is zero.
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UNLOAD

NORMAL IMPLEMENTATION

This statcement causes the removal of the current tool
from the active spindle. Control is normally cffected

through the use of miscellancous function M Codes on the
postprocessor N C output,

PROPOSED IMDPLEMENTATION

Where the N C machine is not equipped with an automatic
tool changing mechanism under program control, this function
must be implemented manually by the machine tool operator.
The postprocessor brings the machine tool to a halt by plac-
ing an OPSTOP code on the N C output. The operator is then
advised through a message on the tcxt output to remove the

curxent tool {rom the spindle.
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APPENDIX B

Proposal for Improving DOD's Use of

Numerically Controlled Machine Tools
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From: Chairnan, CAD CAM Subcommittec of the DOD Manufacturing
Technology Advisory Group
To: Distribution List .

Subj: Proposal for Improving Dol's Use of Numerically
Controlled Machine Tools

1. As the result of talks with many pecople in the coursc of
our committee's work for the MTAG mecting in Corpus Christi,
Texas ‘I feel there is an urgent nced for a cooperative
cffort among the threce services to improve DoD's use of
nuuerically controlled machine tools, specifically the
problem of workload exchange between different NC machines.
This problem was highlighted in the recent report from the
General Accounting Office "NC iIndustrial Equipment: Progress
and Problems.” .

2. I, thercfore, propose to you the idea of a Tri-Service
projecct to develop a flexible, intcgrated manufacturing basc
within the Department of Defensc capable of quick response

to varying necds while making cfficient use of available
manpower and cquipment. This concept is founded upon the
proven characteristics of over 600 numerically controlled’

(NC) machine tools now installed at 48 DoD activities. The
manufacturing methods and computer softwarc to be developed
by this projecct will allow componcnt part workload to be
rapidly and easily shifted among these NC muachine tcols., At
present, because of inconsistencics in data formats, machining
techniques, and NC computer languages, the time and expense

of shifting workload to differcnt machines is often prohibitive.
3. The ability to program a part data package for manufacture
on any onc of a varicty of NC machines will have a significant
impact throughout the entire Department of Defense. Individual
machine shops will be able to maximize utilization by easily
shifting NC workload to available resources rather than '
having to wait until the pre-choscn machine becomes frece.

The DoD Logistics System will benefit from this approach

since digital data packages for required parts can be quickly
sent to activities with available NC machine capacity for
subsequent manufacturc without the nced for reprogramming.

4. While therc arc scveral problem arcas that remain to be .
solved before workload can be casily shifted among different
NC machines, onc of-the more complex is that of programming
the control tapes. A common laaguage set is nceded so that
parts do not have to be reprogrammcd for each new machine.
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Parts could be initially programmed for a general category
of machines such as lathes, drills or 3-sxis mills. A part
programmer would develop a generalized program without
regard for the specific machine to be selected.  Computer
software would process this generalized program in the same
way for all machines within the same category. The software
would simulate where necessary for hardwarc features called
for by the part programmsy but unavailable on the particular
machine chosen. This methodology allows a part program to
be casily shifted among functionally equivalent NC machines.

5. To guide and stimulate the development of such a flexible
manufacturing base within DoD, I suggest the formation of
a Working Group under the CAD CAM Subcommittee. Such a
Working Group would be made up of representatives from all
three services whe are actively participating in projects
related to the above goal, The Working Group could be
organized with a minimum of time and red tape, Funding for
new developments could be arranged on 2 shared basis through
Military Interdepartmental Purchase Requests (MIPR) from
alrecady funded projccts that would themselves benefit from
the development of the capabilities.

6. I rcalize that some of the ideas I have presented here
may secem unorthcdox yet I feel that this goal of a flexible
inteprated manufacturing base is timely and realistic. It
is a pecal that can be used to focus all of our individual
efforts. lowever, it requires our mutual cooperation.
Recent years have seen several projects in the Army, Navy
and Air Force which have addressed portions of this problem
in workload exchange. There has been limited Success, but
there has also been some duplication of effort. We can no
longer tolerate this fragmented approach. Funding is scarce
enouph and the pressurcs are already upon us to produce
parts that arc more complex in shorter time spans and with
fewer people. The time is now to start a Tri-Service project
for the development of a flexible integrated manufacturing
base which can adequatcly and cconomically support the
operating forces of the future.

7. T earncstly solicit your comments and suggestions on
this idea.

BRADFORD M. SMITH
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APPENDIX C

Proposal for Manufacturing

Technology Project
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DEPARTHENT OF THE NAYY RINAPOLIS LARORATORY
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BETHUSOA, MARYLAND 200M IR REPLY REFER YO!

1858 : BMS
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From: Commander, David W. Taylor Naval Ship R&D Center
To: Commander, Naval Air Systems Command (AIR 52022)

Subj: Proposal for Manufacturing Technolozy Project

Rel: (a) "NC Industrial Equipment: Progress and Problcms",

. U. S. General Accounting Office, 24 Sep 1974

(b) "Use of NC Equipment Can Increcase Productivity in
nop", U.S. General Accounting Office, 29 Junec 1975

(c) Draft DOD Directive "Management of NC Plan Equip-
ment'", 1975

(d) Manufacturing Technology Guidelines for Proposal
Submissions NAVAIR 52022

Encl: (1) Exchangeable Part Data Packages for Numerical
Control Manufacturing

. Receni studies of NDOD industrial facilities by the U.S.
General Accounting Office in references (a) and (b) have
pointed out the large increases in productivity that are be-
ing renlized thrcagh the judicious use of numerical contxol
(NC) industrial equipment. However, the studies highlight
several technical problems which must be solved before users
can achicve maximum benefits from this equipment. These
problems stem from inadequacies in the ccmputer support

that is used for preparation of NC control tapes.

2. Inconsistencies in the NC language required to control
different NC machines make it necessary to choose which
machine to usc before a program can be written. - If this
machine is unavailable at the time a part is needed, the
job is needlessly delayed unless it can be reprogrammed

. for a similar machine that is free. Often the time and

expense of the reprogramming is prohibitive.

3. The development of improved softwarz te support over
12G NC machines now installed in the Naval Air Systems
Command will result in a flexible, integrated manhufacturing

system where a part date package can be used on any available
NC machine, The system will be capable of quickly respond-
ing to NAVAIR needs while making efficicnt use of available

vt et R o s e e
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manpower and equipment. This capability is cited as a spe-
cific objective of DOD in xeference (c¢).

4. The enclosed manufacturing technology project, enclosure
(1), proposes the demonstration and implementation of this
Tlexible manufacturing concept. 'The proposal is prepared
along guidelines scet up by reference (d) The project is
based on prior work done at the David Tnylor Naval Ship
Research and Development Center on pxogrnmm:nc languages

for NC. Close liaison will be maintained with other inter-
ested DOD activities, the appropriate American National

.Standards Institute committees, and with the Federal Infor-

mation Processing Standards Task Group 19. Expected benefits
of this project include:

Decreased Part Prog;nmming Time
- Rapid Shifting of NC Workload
Simplified Part Programmer Training
Efficient Scheduling of Workload
Quick Response to Repair Part Needs
5. NAVAIR currently embloys approximately 50 NC part pro-"
grammeys at a labor cost of axound $1 million annually.

This project could conservatively expect to save 24% of
this figure annumlly.
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MARUFACTURING TECHIOLOGY PROPOSAL

.

TITLE Exchangable Part Data Packages for Rumerical

Control lanufacturing

TECHROLOSY AREA Computer-Aided Dasign/Computer-hAided Hanufacture

PROBLEMN

A.

Inconsistancies in current Humerical Controf (iC) language

. used for the control of different NC machines make it neces-

sary to choose vhich wachine wiil be used before a program
can be written. Thus part programs cannot be re used witheut
modification for any machine other than the one orginally
chosen. Software techniques can be developed to emable a
part to be manufactured on different, although functionally
equivalent, NC machiﬁes without any changes regquired to the |

input data package.

/

This improved software will support over 120 NC machines

already installed in the Naval Air Systems Command. Each
one of these machines is presently operating as an indepen-
dent, productive 1ink in NAVAIR's system. 'This manufatturing

technology project will integrate these autonomous links into

.a flexible and versatile manufacturing system where a part

data package can be used on any available NC machine. The
resulting system will be capable of quickly responding to

NAVAIR needs while making efficient use of available man-

poer and et gy AVALABLE 10 DOG DOES NOT

PERMITFULLY \EGIBLE PRODUCTION
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There are significant benefits Lo be gained from the ability
to program a part for NC manufacture without regard for the

specific machine tool to be used.

Ranid Exchanae of Unrkioad

The éhoice of the exact machine tool to be used can be de-
ferred until machine tool availability is known. Then the
part program éan be casily processed by computer for the
selected machine tool. This feature wilT compensate for
unexpected bottlenecks, machine downtime, and costly re-
prograrzming of workload. Currently 15-13% of a part pro-
grammer's time is spent reprogramming vorkload for different
machines. Shifting part data packages between different
NARF's will be made much casier. Such versatility and
flexibility will be a great assistance to produétion

planners.

Decreased Part Prooranming Time

The part programmer's task is simplified because he need
_not remember the idiosyncracies of each machine tool's APT
language set. Consequently, he will make fewer errors {n
coding, feading to fewer computér runs. hlt is also expected
that he would spend less time referring to part progranunng'

man.als. An 8-10% increase in efficiency is expected.

Simplified Part Programmer Training

Since the APT language would be the saine for all function-

ally equivalent machines, the techniques 6f NC programming .
can be taught more fully in the classroom and not by trial

and error out on the job.
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* 4, RELATED DFVELOPMENTS

The American National Standards Institute will shortly be adopting
a standard on the APT language that will directly impact this pro-
ject. Close liasion will be maintained with ANSI and with the

Federal Information PMrocessing Standards Task Group 19 on APT,

5. SOLUTION
A. not applicable .
B.. Prior work done at the David W. Taylor Haval Ship Research
and Development Center (DTHSRIC) en programming languages for
NC has shown how a common language set can be developed aro-

. und the existing APT system to allow easy exchande of part
data packpres. Special attention has to be given to the ma-
chine tool dependent language capabilities and to development
of software routines to process this lananage in the came .
manner for all functionally cquivalent mechine tools. Sim-

,ﬁlation will be done in software wherever necessary to tom-
pensate for differences in the hardware of a selected machine
tool. The project will identif} problem areas other than &C
language commonality that prohibit easy shifting of workload
among different.NC machines and will propose NC language

-features to help solve these problems. A network of industrial
shops will be created to test the common NC language set under
actual shop conditions. Acfua] parts will be processed througk
?he system. The methodoloby will be documented with an APT

part programmer's manual and a post-processor implementation
guide. .




6.

7. COST SAVINGS

IMPLEMENTATTON

Fiscal Year 1977 - $91K

Firm up initial vocabulary ...eecvevecocnes

Methodology analysis and revicW..eeeeoees

using NAVAIR part pr~grammers

Develop computer program specifications....

Contract for demonstration of pr_roach.....
Contractor s required because NAVAIR

lacks capability to modify their own APT

computer system.

Revise and test vocabulary...eieeeseennnns

P

Fiscal Year 1978 - $129K
!
Firm up contract specifications.c.cevivssss

Develop a user's guide.ccecvesscocrossannes

Contract for postprocessor modifica-

tions..........'..00..............

Document project results......;............;

End of project demonstration........veseves
]

More Eff{;ient Part Programming

T parsy p Ssrammer's task is simpli<i
needt 1o wéember * jifocyncracies of eacl
Yaguars, He wild: -~ wer errors in cor
compr ter rpnF ‘s vadh pai-€. ‘He will spem

to ot wugl s 4o Jals. Estimated lal

RS P RN T et
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NOTE: This information was deleted in the original copy_obt§jned from Mr. Smith.
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of annual workload.
NAYAIR has 50 part programmers
Average labor cost is $21K

Annual savings are $84-105K

Less Reprogramming_of Horkload

Since a part probram can be processed quickly and easily for
any available machine tool, costly reprogramming -of parts is eli-
mingtéd. Presently 15-18% o% a part programmer's time is spent in
reprogramning parts because the machine for‘which the program was

originally written is at another facility or is not available to

‘do the job,

Annual savings are $157-189K

Total Annual Cost Savings $24f—292K
Based upon a $220K MT development cost and an 8 year useful life |
of the software develoued the MT payback ratio is:

Cost Savings ‘8 x241 , o 67

W Invesiment 220

TECHNOLOGY TRANSFER
Tne proposed project includes an "End of project demonstration®

at which NAVAIR and DTNSRDC will publicize and exp]a?% the details

‘of system operation and effectiveness. Additionally, the 1iasion

with various standards comnittees mentioned pius presentation at

. related technical conferences will assist in translating the re-

sults of this piroject to other interested government and indust-

trial facilities. !




l 76
' s
) i
” . E
% . . j
1 ‘ %
t
| . !
! .
i : ' APPENDIX D ' : '
i NCS Software Committee
| Request for Information
“q
%
i
a
!
; !
| f
! I
i ¥
|
§
! et
;
]
§
- |
i




o s et e

. v
A S A
RN
s P
LI
RN WPy .

[ 2K 1l AR Ko

L—JM:.—.RA»&'-!

77

NUMERICAL CONTROL SOCIETY

524 ST.CLAIR AVENUE @ P.O.BOX I o SPRING LAKE, NEW JERSEY 07762

SUBJECT:

T0:

August 22, 1975

" NES Software Committoe Request for Information

ilume ‘Lcal Control User Companices

The HCS is5 a profe sional technical society founded to
provide opportunities of contributing to, and learning
about, the applications and technologies of CAli/Mumerical
Contro; in industry. It is dedicated to the advancement
and c¢istribution of knowledge in the practical use of
this technology. For these reasons, the NCS Software
Commit-5ece urges you to respond to the enclosed tape veri-
fication guestionnaire and to the post processor survey

request,

The reglies will be processed, then the summarized

results will be sent to appropriate governmental agencies,
. They will also be made available to those who participated
in the survey at 505 of the general distribution price.

These surveys do not solicit proprietary information. Any
"answers which even approach this category should not be

given, Please process and return these surveys on or tefore
September 30, 1975 to:

Mr, Edwin C. Hurd

Gl/Detroit Diesel Allison Div (N2)
P,0. Box 894

Indianapolis, Indiana 46206
(Phone: 317/3"3-“231)

Each of the surveys is self-explanatory. We urge your
cooperation znd prompt attention to-this matter., Thank you.

iECH:dik
enclosures

Sincerely,

MC‘, W___

Edwin €. Hurd
Chairman of Software Committee
NUMERICAL CONTROL SOCIETY

i e
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POSTPROCESSOR SURVEY

This dynamic survey ldea c¢.ables one to efficiently disseminate numerical
cuntrol (N/C) information throughout industry, and helps reduce vedundant
effort in the software field. This is accomplish¢ . by processing the
most pertinent postprozessor information from questionnaire forms, into
IBM cards, then periozically listing the cards. These lists are then ‘

reproduced and distributed to the various papticipating'companies.

This infermation indicates who has what postprocessors available for the
ask;ng, wﬁich in turn saves user companies time and money in obtaining
needed postprosessors. Active participation in this cooperative effort

will help usiall do a better job for ourselves and for Uncle Sam.

This concept applies to postprocessors for any N/C computer-aided system,

~but for illustration purposes, we will consider the Automatically Pro-

- " grammed Tools (APT) system, This is an exotic computer system’ror pre-

‘paring the input media (usually punched tapes) for a given machine

tool control unit, ' The functions of this system are subdivided into
fwo categories: the A4PT processor and the APT postprocessor.' The
responsibilities of these two sections are separate and distinct.
Functions of both the processor and postprocessor will be discussed.

" So that the rcader can better hndersﬁand the role the pos%processor
plays in the overall system flow, a diagram of the ‘system flow it shown

in figure 1.
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The APT processor translates che English-like part programming statoements
into a more convenient form for further processing, checks legality of ]
spelling and format within these stavements, then calculates cutter
locations and stores them on tape for subscquent use by the desired post.
processor. An APT,.postprocessor conveprts the control data generated by
the APT processor to a form and format that is acceptable to a specifie
type of N/C equipmént. Thus, the APT postprocessor recads CLTAPE records,
determines acceptability of records, processes those which are acceptable
in a manner consistent with their APT definition, then prcpares the

controller punched tape with a verification listing.

Postprocessors must be oriented to the particular machine tool and control
system they are intended to serve, thus a given systgm will usually re-
quire several postp}oceésors. Processors can be obtained from the com-
puter manufacturers, but then cach company is confronted with the prohlem
of obtaining and implementing suitab}e postprocessors for their contem-
plated N/C hardware, %The most logical ways of obtaining a requirsd post-
proc¢assor are:

1. request it from a company which already has it. When this is

possible, there seldom is a purchase price involved.

2. make it a condition of purchase 1in your purchase order, that
the machine tool builder (as prime contractor for your order)
will provide it, Thi's usually involvés a nominal charge' which
represents a subdivided‘develcpmental cost_amdng the various
users, This expense, when comparéd to the overall development
cost, or when compared to the hardware investment is relatively

ninimal.
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When considering the purchase of a li/C tool-control combli.ation, onc of
the factors of consideration should be the availability and/or cost of ‘
a suitable postprocessor. It is concelvable that when a given tool is
desired, and the competition is keen as to which one of twe or three
control systems’'to marry with the tool, the posbproﬁessor factor could
appreciably influence the decision. For any contemplated N/C eguipment
purchase, the prospecti@e buyer should "beat the bushes" to determine °

the availability of a suitable postprocessor.

It 1s highly desirable that companies with N/C activities, know what
postprocessors are available for the asking, -n a dynamic basis; and

that they know enough about them, so they can intelligently determine

.their degree of applicability to their problems, I§ is also highly

desirable to minimize duplication of effort in these software activities.

-

For these reasons, this idea 1s being presented.

Admittedly, there have been several postprocessor surveys in the past,
but they héve been rather static in nature. The published results
didn't reveal some of the pertinent facts needed by the user communitv,
and what was published, soon became outdated. Some of these surveys
solicited information concerning all postprocessors ;n existence, rather
than those available for sharing with others. hHopefully, this activity

will offset most or all of these dlisadvantages, but its success depends

on the‘active participation and cooperation of as many N/C users as

possible,

_The initial step of this activity is to send questionnaire forms to the

participating companies. This form is 1llustyrated in figure 2.




POSTPROCESSOR QUESTIONNAIRE

. 1. How do you specify the postprocessor in the part program MACHIN
statement?
2, Contrcller; make, type and model
. 3. Point-%o-point or contouring equipment?
i, Is the tape format word address, tab sequential, or fixed sequential?
5. - Machine hoolg Make, type and/or function, and model
6. Number of axes of ‘motion_
7. Programming language used
. 8. ~Computer on which implemented
9, N/C system in which implemented
10, Computer. program checkout Qtatus
11, Existing documentation: Computer- programmer manual
_ Part programmer manual
12. Comments
) Please return tﬁis-questionnaire to:
Name
Edwin C, Hurd
GM/Detroit Diesel Allison Division (i
P.0O, Box 894
Indiarapolis, Indiana 46206
Address
Phone ”gﬁate .

Figure 2

i
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Participants should repréduce the questionnaire form, then return to me
one sheet for each type of 1/C tool-control combination serviced by their
avallable postprocessors, Figures 3a, 3b and 3¢ illustrate completed
forms for the MILYKE and SSAMMI postprocessors. Because SSAMMI services

two different maéhines, there are two information sheets, representing

* two punched cards, therefore, two printed lines of information for SSAMMI.

* Notice also, that most of the answers to the first nine questions are

included in the punched cards in an abbreviated mhnner. Figure |

illustrates the punched card Tormat, and Figure 5, the printed output.
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POSTPROCESSOR QUESTIONMNAIRE
X, Hdow do you specifly the postprocessor in the part program MACHIN

statement? e
MILVEE

2. Contrellsr: ke, type and model

Square J RAPAC statie Logic control

3. Point-vo-point or contowrdng equipment? point-te-point

4, Is the tape format word address, tab sequential, or fixed seguentizl”

tab sequential

5. Machine tcol: Make, type and/or function, and model

Kearney & Trecker Series Eh machine

6.  Number of axes of motion 3
7. Programming language used FAP
8. Computer on which implemented IBM 7094 1X

3. N/C system in which implemented APT III/VER9

10. Computer program checkout status checked out

RIpIN Existing documentation: Computer programmer manual
: Part programmer manual

12, Comments

.
o Tt - - - e - - - - T G I Gon 1, TS G Bmb G D G S @ Gu S G wulh G SU% FUS S8 fm bk Rk S e Sub wow.

4

Mr, Edwin C., Hurd Please return this questionnaire to:
sane
- : Edwin C. Hurd
GM/DDAD (N2) GM/Detroit Diesel P;llsOn Divislion 177
P.0. Box 894
P.0. Box 894 . Indianapclis, Indiona 36206
Indiaﬂapo’iq Indiara hbaoG
ndd"eas
(317)?“3-"251 , 2=12-6Y .
Fhone Date

Figure 3a '
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POSTPRCCESSOR QUESTIONNAIRE

L. dow do you specifly the pootproccbsor in the part program MACHIN
statement?

1 SSAMMI, 211 :

2. Controller: 'makc, type and model

GE _UHFC anntirnlior

© 3. Point-to-point or contouring equipment?: point-to-voint

4, Is the tape format word address, tab sequential, or fixed seguentiel?
tab scquenvasl

5. Machine tool: Make, type and/or function, and model

5 Kearney & Trecker model II; 360,000 position rotary toble

o 5. Rumber of axes of motion 3
‘ "7, ?Programming languege used Fortran'II _
k { ' 8. Computer on which implemented IBM 7094 IX

2. N/C system in which implemented APT III/VER9

~2. Compuler orogram checkout status  checited out

—— Sxisting documentation: X Computer programmer manual
X Part programmer manual

12, Comments _The computer programmer documentation is comprised of GEMM
documentation plus supplemental informatjon, .

P Gy g G P GED G G Gy Gy SN SEY G PED GNP SR PR Sup G P A SED Snb GuD e P (U A GRD T et TED VIR G GuF I G GHN G SO SN0 S I WD RED SN S0 B A S GeR emD - - . -

Mr, Edwin C, Hurd , Please return this questicnnaire to:
~ane ’

Edwin C,” Hurd

et e bl e o i e o\ M e e = e

GM/ﬁbAD (N2) " GM/Detroit Diesel Allison Division ‘™
) P.0. Box 894 )
P.0.Box 894 , Indiarapolis, ;ndiara;ﬁoa
. _Indianapolis, Indiana U6204 ;
¥+ adévess . . ‘ |
: T (317)2h3-8231 - p-10-G9
; Tasne Date

Figure 3b




PRSP RO I

w e wo— nam o mim—— —

. 86

POSTPROCZSSOR QUESTIONNAIRE

How ¢€o you speeily the npossproces

sor in the part program SACHEIN

statementv?
SSALMT, 219
2.  Contyoller: 'make, type and model._
Ge {IPC~lICC controller
3. Point-to-point or contours ing eguipment? toth
L, Iz the tape format word address, tab "equent*a L, or fixed seguentizlt
' tab sequential
5. Machine tool: Make, type and/sr function, and model .
Keurney & Trecker model II; 350,000 p&sition rotary table
6. Numdber of axes of motion 3 '
7. ?Progromming language used Fortran Il
8. Compuber on which implemensed IBM 7094 IX -
2. N/C system in which implemented APT IXII/VERY
12.  Computer program checxout status checked out
3. Iristing documentation: X Computer programmer manual
Part programmer manual
12. Comments The computer programmer documentation is comprised of _
GEMM documentation plus supplemengal information
“Mr: Edwin C. Hurd Please return this cuestionnaire %o
REYRT :

Edwin €. Hurd

GM/DDAD (}2) G¥/Detroit Diesel Allilson Division U
P.0. Box 894
P.0. Box 894 Indianapolis, Indiana L6205

Indianapolis, Indiana 46206

~ACrass -
(317)Y2hn-4231 2=12-09
zhzne Date

Figure 3c
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As additional postprocessors become available, they should be reported by

submitting adailtional sheets. As the checkout or documentatlion status

changes for a given program, a superseding sheet should be submitted.

When a sheet supersedes one previously submitted, this should be stated

in the comments section., Figure 6 summarizes the overall concept.

1. Iesue questionnaire forms to participants.

2. Completed questionnaire forms returned to survey sponsor.

3, Survey sponsor processes information as follows:

a,

b,

C.

d.

€.

f.

maintains file of completed questionnaire forms
extracts most pertinent information, then formats this
into IBM machine readable form

maintains deck of postprocessor survej cards
periodically lists the contents of the _postprocessor
survey cards . ' -
reproduces the pcstprocessor survey listing
periouically distributes copies of “he latest ﬁost-

processbr survey listing to each of the participants.

4, As participants report additions, <eletions, or replacements,

steps 2 and 3 are repeated, thus the survey results are dynam-_

ically k=ent up-to-date,

Figure 6

T s et e n e ais s
B S
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As changes bccéme significant, superacding reports will be issued. These
reports indicate what companies have what postprocessors available for '’
distributicn, and who within these companies should be contacted for
further information or requests. The survey sponsor will not have the
postproccssors,,n?r will he know much more than has been reported, SO

your requests for inforration and programs should be directed to the

specified company contacts.

The success and value of this endeavor will be directly proporbional to
the degrée of active participation we experience from the user companies.
We all realize that the output of this or any other endeavor, cannot be

any better than the input information recelived.

A blank questionnaire form is enclosed separately for reproduction and

subsequent use 1in this survey. Your cooperation wili be greatly appre-

.clated.
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POSTPROCESSOR QUESTIONNAIRE

statenent?

Tl dow do you specify the postprocessor in the part program MACKIN

2. Coutroller: *'make, type and model

cH Point-to-point or contouring ecgulpment?

<. is the tape format word address, tab sequentlial, or fixed seguentlal?

5. Machinw tool: Make, type and/or

function, and model

3. Jumber of axes of motion

1. ?rogramming language used

.  Computer on which implemented

3. X/C system in which implemented

3. Computer program checkout status

-—s ESxisting documentatinn: Computer programmer manual

Part programmer manual

-2, Comments

G G Ue Y G e SR Gh GY S Gp G G . . - o we -y o o e .-

Date

LN
o)
(3]
4}
(3

—q-------.-‘---ﬂn--inn - e e = -k e e = Gw e
»

Please return this questionnaire %“o:

Edwin C, Hurd

GM/Detroit Diesel Allison Division /o0
P.0, Box 834

Indianapolis, Indiana 45206




TAPE VERIFICATION QUESTIONIAIRE

Corporation/Divisicn name of your installation.,

Name and addresg of individual answering questionnaire.

This questionnaire 13 topically subdivided into six secticns as follows:

. A. general NC input questions .
B. manual vs. .omputer-aided punched tape preparation '
C. check of part program (input data) for NC computer-aided
systenms

. D. checking the physical conditien of the punched tape
) E. graphic checking of coordinate data
F. check of machining functions

The questiong will be numbered by a letter (denoting the section) and two
digit system so thav the participants can more quickly and easily extract
the information of interest from the summarized results.

There should be one and only one answer to each multiple choice question,

You should indicate your answer by circling “he appropriate lower case
letter,
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A. General HC Input Questions

' Concerning the different kinds of HC controller inout being used in your '

installation, please indicate the percentuge use of the follewing types:

AOL)

AD2)

A03)

AOL)

A05)

A06)

Punched tape

a. + 0%
bc l bt 35%
¢c. 36 ~ 655
do 66 - 995
e. 1004%

Magnetic tape

a. 0%
b . 1 - 351’3
c . 36 - 65;
d. 66 - 99%
e, 100%

. Punched card

a. 0%
b . l' - 355
c. 36 - 65%
d. 66 - 99%
e, 100%

Direct computer control |

a. 0%
b, 1 - 35%
C. 36 - 05‘;
dc 66 - 99%
e. 1G0%

Other (please specify type)

a. 0%
bo 1 - 35:
e, 100%

If you use other than punched tape input for your NC control
units, please specify the mode of input and briefly describe
your verification procedures prior to production cutting.
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ACT)

A08)

A09)

A30)

All)

-+ 94

How many part programmers do you have at your installation?

How many NC machine tools do you have at your installation?

How many computer programmers do you have in your HC systems
analysis and development group?

How many NC machine tools are run by cirect computer control
at your installation?

How many computer-aided systems are currently being used at
your installation?

With one exception, the remaining questions deal with punched tape
verification techniques.,
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. B0l)

B02)

B. Manual vs. Computer-aided Punched Tape Preparation

Whut perceantage of your iC tapes arc prepared manually?

do 61 - 805
e. 81 -100%

95

Of your HC teapes prepursd via computer-alded methods, which system
is used predominantly?

a. APT
b. ADAPT

c¢. AUTOSPOT

d. SPLIT
e, CAMP

u. Other (please specify processor name)

£,

i.

ACTION kK. GSEAFT
g. COMPACT 1, LTTP °
h. SHOP m. SHAP

NUFORM n. REMAPT
J. RCAPS 0. EXAPT

P
Q.
o

t.

NEL2CL
ECHA
CONAPT

AUTOPROGRAMMER
PARTSGENERATOR

Concerning the different computer-aicded systems you may employ, indicate
the percentage use of the following systems {with respect %o your overall
computer-aided tape preparation).

B03)

BOK)

" BOS)

B06)

APT

a, 0%
C. 36 - 652
d. 66 - 99%
e, 1005
ADAPT

a, 0%
e, 100%
AUTOSPOT

a. 0%
bo 1 - 35;
c. 36 - 65%
4., 66 - 99%
e. 100%
SPLIT

a. 0%
b. 1 - 35%
C. 36 - 6‘).‘:?
e, 100%

BO7)

B08)

" B09)

B10)

CAMP

a. 0%
C. 36 - 65%
do 66 - 99%
e. 100%

ACTION

a. 0%
c. 36 - 65;
d. 65 - 99%
e. "100%

COMPACT

&, 0%
c. 36 - 65%
do 66 - 995
e. 100%

SHOP

a. 0%
b . ] - 35%
c. 36 - 65%
d. 66 - 99%
e, 100%

B:il)

B12)

B13)

BlY4)

NUFORM

a. 0%
b, 1 - 35%
c. 36 - 65‘
e. 100%

RCAPS

a, 0%
do 66 - 99’
e, 160%

GSHAFT

a. 0%
e. 100%

LTTP

a. 0%
d. 66 - 99%
e. 100%

LY

o —

e R m

P s, .
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B15)

B16)

B17)

B18)

SNAY

a. 0%
b. 1 o 35;
c. 36 ~ GH%

c. 160%
REMAPT

a. 05
b. 1 - 35%

c. 36 - 065%
d. 66 - 995
e, 1004
EXAPT

a. ‘ 0%
b 1 - 35%
¢. 36 - 65%
do 66 - 995

e, * 100‘
NEL2CL

a. 0g
bo l - 35;

Ce 36 - 65'/:
d. 66 - 99%
e, 100%

B19)

B20)

B21)

B22)

96

ECHA

a. 0%
b. 1 - 35%
c. 36 - 65;
d. 66 - 99%
e, 1003

COHAPT

a. 0%
c. 36 - 654
d. 66 - 994
e. 100%

AUTOPROGRAMMER

a. 0%
b, 1 - 35%
C., 36 b 655
do 66 had 99’
e. 100%

PARTSGENERATOR

a. 0%
d- 66 - 99’ '
e. 100%

B23) Other (please specify processor name)

a,
b,
C.
d.
e,

0%

1 - 35%
36 - 65%
€6 - 99%

100%

C. Check of Part Program (Xnput Data)
for NC Computer-aided Systems .

Where several different kinds of input data for your NC computer system are
used, please indicate the percentage use of the following modes:

c01)

Punched cards

a. . 0%
bo 1 - 35:
C. 35 - 65’
d, 66 - 99%
e, 100%
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€03)

cok)

c05).

c06)

co7)

co8)
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On-line conhsole
a. 0%
bq 1 - 355 -
c. 36 - 64% ’
d. 66 - 994
c. 100%
Image scanneﬁ
a. 0: . ’ -
b, 1 - 35 .
c. 36 - 65%
d. 66 - 99%
c. 1005
Phoéogrammctry - type procedure
a. 0%
b, 1 - 35%
c. 36 - 65%
do 66 - 99%
e, 100%
other (Pleasé specify input mode)
a. 0x -
bc :- - ’55
C. 36 - 65%
a. 66 - 992
e, 100%

Are your keypunched cards verified?

a. yes, almost always
b. yes, occasionally
¢, no

Prior to submitting input cards to a computer, do you manually
inspect a card listing for obvious erroxs?

a. yes, almost always

b. yes, occasionally

¢. nho

Does your NC computer system perform legality checks?

a, yes
b, no
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Concerning the spaclag and alignment of punched holes in tape:

DoY)

D02}

D03)

DoY)

DO5)

Do

a.

D. Checeking the Physical Condition of the Punched Tape

you spot check several seetions of the hppc visually?

yes, almost alwoys

b, yes, occasisnally I
¢. no . ‘
Do you spot check the tape visually against a tempiet?

a. yes, almost always

b. yes, occasiornally

¢c. ho

Do you use a sophisticated gage to check an entire tape automatically:
‘a. ves, almast always; briefly explain logic

b. yes, occasionally; briefly explain logic

¢. no

Do you perform parity checks on your punrched tape?

a. no .

b. yes, with'a Friden Flexowriter :

¢. yes, by running the tape through the machine control backwards

d. yes, by a differant method; briefly specify logic

Do you use a speclal purpose program to perform hol¢ checking
functions?

a. yes, almost always; briefly specify logic

b. yes, occasionally; briefly specify logic ’

c. no
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E. Graphic Cheeking of Moordinate Data

E01) For manually prepared tapes, how do you currently check the
coordinate information?

a. list the vape on & flexowriter then analyze the listing

b, manually.plct the positions or the tool center-line path

¢, rely almost entircly on machine tonl check-out with very few
preceeding configuration chiecks

d. other; briefly explain logic

e. does not apply; we don't manually preparc NC tapes

What perecentage of your manually prepared tapes receive configuration
checks by:

E02) Analysis of a flexowriter listing

a. 0 - ?ﬂz
C. ul - 60%
da 61 - 805

e. 81 -100%
E03) Manual plots

b, 21 - 40%
eo 81 "1005

EOlU) Machine tool checkout

b. 21 - 40%
Co ul - 60:
d,i"a 61 - 80;
e\o 81 —100% =

E05) Other inhouse methods as specified in EQ1

a. 0 - 20%
b. 21 - 4o%
Cs 1 - 60%
d. 61 - 80%
e, 81 -109%
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E0G) Do you plan on cmploying more sophisiticated confipuration checks
on your munually prepared tapes within the next two years?

a. yes, briefly explain method

b. no ©,

E07) What type of automatic equipment do you presently uge to perform
conflguration checks on tapes generated by a computer?

a. graphic display device in computer system such as a plotting
unit .

b. On-line graphic display scope

¢. .NC drafting machine

d. other; briefly explain logice

e. docs not apply; we don't use a computer to prepare NC tapes

What percentage of your computer prepared tapes receive configuration
checks by:

E08) A plotting unit

ao 0 - 20‘
bo 21 - uoz
co “1 bad 60’
d, 61 - B80%
e. 81 —100‘

E09) On-line graphic display scope

a, 0 - 20%
b. 21 - Lo%
e. 81 -100%

E10) * NC drafting machine

a. 0 - 20’
bo 21 - uoz
c., 41 - 60%
do 61 hd 80’
e, 81 ~1002




A

E1l)

El2)

E13)
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Cther inhouse checks as specified in LD7 '

a. 0 - 20%

bo 2'1 - “0% N

C. "1 - 602 *
c. 81 -100%

If you are.presently ucing 2 plotter for configuration checks,
please specify what kind.

Do you plan on employing more sophisticated configuration checks
on your computer prepared tapes within the next two years?

a. .yes, briefly describe philosophy

b. no

The following qucstions should be ans wered, only by those who use an NC
drafting machine to help verify the conriguration accuracy of punched

tapes.

. E1d)

* E15)

Ezé>

-

Concerning multi-axis ceonfigurations, do you perform checks on
rotary table swivel or tilt motions?

a., Jyes; briefiy explain logic

b. no

Please specify your control and drafting,machine manufacturers
control mfg.

drafting machine mfg.

. Do you "multi-postprocess" through your Bomputef-aided system to

obtain two independent tapes (one for the drafting machine and the
other for the cutting tool)?

a. yes, almost always
b, yes, occasionally

¢. no; briefly exnlain how the drafting machine input tape is
prepared
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E17)

E18)

E19)

E2n)

E21)

E22)

E23).
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.

Do your verification drawings contain symbolie notation to improve
the readablility?

a. yes

b. no ¢ -

Do your verification drawings contain arrowhcads to improve the
readablility?

a. yes b

b. no

Does your drafting machine postprocessor have a "built-in" capa-
bility for alleviating the clutter problem (too many lines or
curves per unit area which complicates the interpretation process)?

a. yes; briefly describe logic

b, no

In addition to obtaining orthogonal projections, do you obtain
verspective or other views?

a. yes, automatically from our NC computer system.
b, yes, upon data request {rom our WNC computer system
¢. yes, occasionally from a separate computer program
d. no, we use orthogonal views almost exsciusively

If your answer {o question E20 was a, b, or ¢, what kind of views
do you recelive?

Does your drafting machine software permit variance of the kinds of
lines that are drawn, i.e., solid lines, normal dash lines, center-
lines, etc?

a. yes '

b. no

Our orthogonal drawings usually show: -

a. all motions of the machine tool

b, only the machining motions of the tool within a specified 3D
region (software logic is implied)

¢. selected regions in a DRAFT/SR. fashion

d. none of the above; we usuallJ use non-orthogonal views

Do you have "programmable" pen control to permit difrerent line
colors and/or widths?

a. yes
b. no




E26)

E27)
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. ;

Can your drafting machine softwarc create a part drawing from the
cutter path?

a. Yyes, automatically
b. yes, upon data request .
c. ho

Assuming that your NC drafting machine is used for automatic draft-
ing functions as well as NC tape verificatlion, approximately what
percentage of its use is for HC tape verification?

20%
4oz

a. 0

b. 21

c, 60%
a. 61 - 80%
e, 81 -100%

P —4
)
t v

Do ybur part programmers watch their verification drawings being
made?

a. yes, almost always as standard procedure
b. yes, occasionally when the nced arises
¢. no

F. Check of Machining Functions

* Concerning the different kinds of simulated production rurs, employed in your

installation, please indicate the percentage use of the following modes:

FOl)

F02)

Machine tool simulator (such as Polyckek for Milwaukee-matics)

a. 0%
bo l - 35’
e, 100%

Measuring machine probe (such as Ferranti)

A, 1} 1 : .? .
C. 36 - 65’ [}
d. 66 - 99% '

e, 100% -

Dry run of tape with dummy stylus in spindle, tracking a model

work piece in the fixture, of the NC machine

a. 0%

bo 1 - 355 .

C. 36 - 65; *
e, 100%
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FOU) Cutting "air" with the actual cutter in the 1C machine

a. 0%
b, 1 - 3%
C. 3(’ - 652
d. 66 - 99%
e. 16023

FO5) Cutting ririd, foumrd plastic (such as styrofoam) with the actual
cutter in the #{C machine

a. 03

bo 1 - 35% *

C. 36 - 6‘55; *
e. 1008

F06)- Cutting a finc-grain wood with the actual cutter in the NC machine

a. O
b ) l - 352
C, 36 - 652
d. 66 - 995
e. 1007

r07) What percentage of the time do you initially attempt to fabricate
the actual work peice on the NC machine, then inspect it?

a. 0%

b . 1 - 35;

Ce. 36 - 65;;

d. 66 -~ 995

e. 1005

£08) Do you use an adaptive control device for feedrate and spindle
speed overrides?

a. yes
b. no

F09) Do you use simulated adaptive control software for. feedrate and
spindle speed overrides? This question impllies software functions
beyond "normal" postprocessor tool dynamics cnecks.

a. yes
b. no

F16) How many NC inspection machines do you have at your installation?




